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ABSTRACT 

This  packet  contains  learning  modules  for  a 
self-paced  course  in  aircraft  environmental  systems  mechanics  that 
was  developed  for  the  Air  Force.  Each  learning  module  consists  of 
some  or  all  of  the  following:  objectives,  instructions,  equipment, 
procedures,  information  sheets,  handouts,  self-tests  with  answers, 
review  section,  tests,  and  response  sheets.  Topics  covered  in  the 
learning  modules  are  the  following:  maintenance  tools,  glossary, 
mathematics,  aircraft  familiarization,  safety,  physics,  electron 
theory,  magnetism,  circuits,  wiring  diagrams,  control  and  protective 
devices,  test  equipment,  Kirchhoff's  current  law,  series  circuit 
troubleshooting,  parallel  circuit  troubleshooting,  Kirchhoff's 
voltage  law,  use  of  general  purpose  connectors,  bonding,  shielding, 
grounding,  wiring  maintenance,  electrical  hardware,  aircraft  air 
conditioning  system  moiisture  separator,  maintenance  of  bleed  air 
distribution  ducting,  cleaning  agents  and  lubricants,  controlling 
corrosion,  air  turbine  motors,  turbine  refrigeration  devices, 
windshield  clearing  system,  air  control  valves,  bench  check  air 
control  units,  controls  of  MB-3  leakage  tester,  airflow  control  and 
shutoff  valve,  bench  check  airflow  rfogulator,  anti-gravity  systsm, 
anti-gravity  suit  valve,  canopy  seal  system,  pressurization 
principles,  pressurization  systems,  oxygen  systems,  and  refrigeration 
systems.  A  plan  of  instruction  is  included  in  the  packet.  (KC) 
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DEPARTMENT  OP  THE  AIR  FORCE  PLAN  OF  INSTRUCTION  C3ABR42331  000 

3330  Technical  Training  Wing  (ATC)  '  (PDS  Code  ANZ) 

Chanute  Air  Force  Base,  Illinois  61868  6  July  1983 


FOREWORD 


1.  PURPOSE:    This  publication  is  the  plan  of  instructipu  (POI)  when  the  pages 
listed  on  page  A  are  bound  into  a  single  volume.    The  POI  contains  the 
qualitative  requirements  for  course  C3ABR42331  000,  Aircraft  Eavironnental 
Systems  Mechanic,  in  tei^ms  of  criterion  objectives  for  each  unit  of  instruction 
and  shows  time,  training  standard  correlation,  and  support  materials  and  guidance. 
When  separated  into  units  of  instruction,  it  becomes  the  lesson  plan/Part  I. 

This  POI  vas  developed  according  to  AFR  50-8,  Instructional  System  Development, 
and  ATCR  52-6,  Curriculum  Documentation. 

2.  COURSE  DESIGN/DESCRIPTION:    The  instructional  design  for  this  course  is 
self-paced  and/or  small  group  paced.    Class  is  conducted  on  a  restructured  8-hour 
training  day.    This  plan  allows  for  discontinuance  of  routine  trainer  work  and 
operation  of  the  test  room  stations  during  the  last  two  hours  of  the  day  for 
Blocks  I,  II,  and  III.    Students  are  allowed  to  continue  self-*lnstruction  projects 

in  the  study  stations  during  this  period.    Supervisors  are  given  the  latitude  to  make 
dally  assessments  and  to  open  lab  stations  and  test  room  stations  on  an  as  needed 
basis  to  preclude  student  backups.    Supervisors  are  permitted  to  vary  lesson 
sequence  within  a  block  as  necessary  to  insure  students  have  self-study  materials 
to  study  during  the  afternoon  period.    The  course  trains  personnel  to  perform 
duties  prescribed  in  AFR  39-1  for  Aircraft  Environmental  Systems  Mechanic,  AFSC 

•42331.    It  includes  organizational  and  field  maintenance  of  aircraft 
pressuriration,  air  conditioning  (heating,  cooling,  humidity  control,  etc.)f 
engine  bleed  air,  oxygen,  anti- icing,  defogglng,  fire  extinguishing,  air  turbine, 
cryotainer  rystems  maintenance,  liquid  refrigeration  systems,  and  life  raft 
Inflation  equipment.    Jn  addition,  military  training  is  provided  for  commander *s 
calls  and  physical  conditioning.    Multiple  instructor  requirements  are  based  on 
Course  Manpower  Standard  Data  Sheets  dated  10  December  1980.    Objectives  preceded 
by  an  asterisk  (*)  involve  safety  and  must  meet  the  multiple  instructor 
requirements . 

3.  TRAINING  EQUIPMENT:  The  number  shown  in  parentheses  after  equipment  listed 
as  Training  Equipment  under  SUPPORT  MATERIALS  AND  GUIDANCE  is  the  planned  number 
of  students  assigned  to  each  equipment  unit. 

4.  REFERENCES:    This  POI  is  based  on  Specialty  Training  Standard  423X1,  February 
1983,  and  Course  Chart  C3ABR42331  000,  2  May  1983. 


Commander 

3370  Technical  Training  Group 


•Supersedes  POI  C3ABR42331  000,  24  November  1982. 
OPR:    3370  Technical  Training  Group 
DISTRIBUTION:    Listed  on  Page  A 
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PLAN  OF  INSTRUCTIOHA.ESSON  PLAN  PART  1 

COUflSCTtTUe  « 

Aircraft  Environmental  Svstems  Mechanic 

BLOCK  TITLE 

Fundamentals 

1.                                                        COURSE  CONTENT 

1  TIME 

1*  Orientation 

a*      School  orientation  conducted  lAW  CR  50-18,  Attachment  3 
outline.    STS:    None   Heas:  None 

• 

6.5 

SUPERVISOSI  APPROVAL  OP  LESSON  PLAN 

StGHATURC  AND  DATE 

SIGNATURE  AND  DATE 

POi  NUMBER  BLOCK 

C3ABR42331  000  I 

UNIT  DATE 

1              6  July  1983 

PAGE  NO. 
1 

ATC  julfTe     133  previous  edition  obsolcte 


COURSE  COMTEKf 


SUPMRT  MATERIALS  AMD  CDIt)ANCE 

Student  Ittsttuctlonal  M&teftals 
C3ABR42331>SG-101,  OtUtttAtlOtl 
C3ABR42J31-tiO-101,  6lo«««ty  df  l^rns 
C3ABR42331-H0-101A,  Cofefficl«tit  fidndout 
C3ABR42331~H0-101B,  Rtildi,  Uws  dad  PofmUlas 
C3ABR42331-HO-101C,  Otientatldil  fiiiidout 
ATC  PT  52-11,  Study  Skill* 

Audio  Visual  Aldg 

NSC  42-11,  Slides  and  Cassette  Orientation 

Training  Methoda 
Discussion  (3.5  hrs) 
Self-Instruction  (3  hrs) 

Instructlotial  Guidance 

The  instructor  will  supervise  the  class  period,  issue  the  cotrect  course 
materials,  present  an  audl6  vl«ial  ptesentAtloHi  and  6la1)orate  vocally  on 
various  items  of  the  orientation  to  Inaura  that  tte  6tudiiiti  Uiiderstand 
school  policies,  procadurea,  and  course  aatetlaia.    the  instructor  will 
refer  to  Part  tl,  Teaching  Guide,  for  detalliid  inatructlon  oh  this  module 
and  to  Instructor  Responsibilities  Sheet  found  at  the  ftont  of  this  station 
lesson  plan. 
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PLAN  OF  IHSTRUCTION/LESSOM  PLAN  PART  1  "H 

WAUE6FINS^RUfiT0fc                                                             1    COURSE  TITLE   1 

1  Aircraft  Environmental  Systems  Machanlc 

BLOCK  TITLE                                                                                        —  " 

fundamentals 

1*                                                        COURSE  CONTEMT 

2.  TIME 

2.  Security 

a.  Specify  basic  facts  relittlog  to  the  classification  of 
Information.    A  minimum  of  three  out  of  three  must  be  correct. 
STS:    2a(l)    Meas:  PC 

b.  Specify  basic  facts  relating  to  the  use  of  essential  elements 
of  friendly  Information.    A  minimum  of  two  out  of  two  must  be  correct. 
STS:    2a(l)    Meas:  PC 

c.  Specify  basic  facts  relating  to  the  prevention  of  nontechnical 
CCHSEC  violations.    A  minimum  of  three  out  of  three  muct  be  correct. 
STS:    2a(2)    Meas:  PC 

d.  Identify  OPS  EC  vulnerabilities  in  AFSC  423X1.    A  minimum  of 
two  out  of  two  must  be  correct.    STS:    2b (6)   Meas:  PC 

2 

SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

! 

POI  NUMBER                                                       j   e^oCK  ' 

C3ABR42331  000                          |  I 

UNIT           1    DATE  1 

2      1       6  July  1983  | 

PACE  NO. 

3 

ATC    juN^Ta       133  P»«EVIOUS  EanOH  OBSOLETE 


COPRSK  CORTENT 


.  SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instruct loaal  Materials 
C3ABR42331-PT-102,  Security 
I   C3ABR42331-PT-102A,  Operations  Security  Program  (OPSEC) 
C3ABR42331-WB-102,  Security 

Audio  Visual  Aids 

NSC  34-2,  Slide  and  Cassette  (COMSEC  Module  1) 

Training  Methods 
Discussion  (1  hr) 
Self**Instruction  (1  hr) 

Instructional  Guidance 

The  instructor  will  supervise  the  class  period,  adsinister,  evaluate,  and 
critique  progress  checks,  insure  student  has  correct  course  materials. 
Counsel  student  as  needed  regarding  academic  and  noaacadcmlc  reasons  and 
supervise  clean-up  periods.    The  instructor  will  provide  Individual  assistance 
to  each  student  as  needed  during  class.    The  Instructor  will  refer  to  Part  II 
teaching  guide  for  detailed  instructions  on  this  module  and  to  Instructor 
Responsibilities  Sheet  found  at  the  front  of  this  station  lesson  plan. 
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6  July  1983 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 


•tOCK  TITLE 

Fundamentals 


OOUMC  TITLE  1 

Aircraft  Environmental  Syn terns  Mechanic 


COURSE  CONTENT 


z  Tint 


3«     Progression  and  Duties  of  Aircraft  Environmental  Systems  Specialists 

a.  Identify  basic  facts  relating  to  career  ladder  progression  for 
aircraft  environmental  systems  specialists.    A  minimum  of  four  out  of 
five  must  be  correct.    SIS:    la   Meas:    PC  > 

b.  Relate  career  field  duties  to  AFSCs  42331,  42351,  42371.  A 
minimum  of  four  out  of  five  must  be  correct.    SIS:    lb   Meas:  PC 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SICNATUitg  Aieo  DATE 


POl  NUMBER 

C3ABR42331  000 


BLOCK 
I 


UNIT 


33 


DATE 


6  July  1983 


PAGE  NO 

5 


ATC 


JUN  7t 


PREVIOUS  EOTION  OBSOLETE 


10 


COURSE  COifflDIt 


SUPPORT  MATERIALS  AND  GUIDANCE 
Stttdent  lastrnctlotMJ.  Mtf  rial# 

C3ABR42331-FT-103t  Progrtsslon  In  and  Duties  of  the  Aircraft  EnvlronMcntal 
Syateaa  Spaclallst 

Training  Methods 
Self'-^Instructlon  (2  hrs) 

Instructional  Goldance 

The  Instructor  will  supervise  the  ^lass  period t  administer «  evaluate »  and 
critique  progress  checks  ^  Insure  student  has  correct  module  «aterlalSt  counsel 
student  as  needed  regarding  aeadenlc  and  doiUleadMlc  reasotfSt  and  supervise 
cleanup  periods*    The  lifsttuctor  will  frrovlde  Ifidlviddal  asilstance  to  each 
student  as  needed  during  class*    The  Instructor  mil  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  flodule  and  to  Iitstfuctor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lessen  plan« 
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PL  AN  OF  IMSTBUCTIOM/LESSDN  PLAN  PART  I 


OOUMC  Tt'n.C 

Aircraft  Eavlronmental  Systems  Mechanic 


I. 


COUilSg  OOHTEHT 


Safety 

a.     Identify  hazards  of  the  environmental  systems  career  field. 
^  alnlx3um  of  one  out  of  one  must  be  correct.    SIS:    3a   Meas:  PC 

Identify  AFOSH  standards  for  the  environmental  systems  career 
Eleld.    A  minimum  of  one  out  of  o^e  must  be  correct.    STS:    3b   Meas:  PC 

c.  Specify  safe  vork  proced^res  consistent  with  the  vork  area, 
i  minimum  of  two  out  of  tsio  must  be  correct.    STS:    3c   Meas:  PC 

d.  Specify  th^  protective  measures  to  take  imlle  iK>rklng  around 
ilgh  Intensity  sound.    A  minimum  of  one  out  of  one  must  be  correct. 
STS:    3d    Meas:  PC 

e.  Specify  general  housekeeping  procedures  which  ere  consistent 
rlth  safety.    A  minimum  of  one  out  of  one  must  be  correct.    STS:  3e(l) 
<eas:  PC 

f .  Specify  general  housekeeping  procedures  which  are  consistent 
^Ith  fire  prevention.    A  minimum  of  two  out  of  two  must  be  correct. 
STS:    3e(2)    Meas:  PC 

g.  Identify  markings  applicable  to  radioactive  parts  and  materials < 
K  minimum  of  one  out  of  one  must  be  correct.    STS:    3f   Meas:  PC 

h.  Identify  precautions  to  be  taken  while  working  near  radiation. 
K  minimum  of  one  out  of  one  must  be  correct.    STS:    3g^  Meas:  PC 
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SUPERVISOR  APPROVAL  OF  LESSON  PL  All 


SIGNATURE  AH D  DATE 


POI  NUMbER 

iC3ABR42331  000 


SLOCK 
I 


SIGNATURE  AMP  PATE 


UNIT 

4 


DATE 


6  July  1983 


ATr 


133 


PREVIOUS  eCXTtON  OSfOL^C 


12 


PACE  NO. 
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COURSE  COHTBMT 


SUPPORT  M/ITERIALS  AND  GUIDANCE 

Student  Xnttructlonal  Materials 
C3ABR42331-PT-104,  Safety 

Training  Methods 
Self-Instructlon  (3  hrs) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period,  administer,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  nodule  Mterlals,  counsel 
student  as  needed  regarding  academic  and  ncnacadtmlc  reaisKms,  and  supervise 
cleanup  periods*    The  Instructor  idLll  provide  Individual  assistance  to  each 
student  as  needed  during  class*    The  instructor  irtll  refer  to  Part  II  Teaching 
Guide  for  detailed  Instructions  on  this  nodule  and  to  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan* 
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PLAN  OF  IHSTRUCTION/LESSON  PLAN  PART  1  1 

OOURSe  TITLE  9 

Aircraft  Environmental  Systeins  Mechanic 

BLOCK  TITLE 

Fundamentals 

1.                                                        COURSE  GONTENT 

5.     Aircraft  Familiarization 

a.  Relate  basic  facts  to  elements  of  the  aircraft  designation 
system.    A  minimum  of  four  out  of  five  must  be  correct.    STS:  9<t 
Heas:  PC 

b.  Relate  basic  facts  to  the  aircraft  station  numbering  system 
reference  lines.    A  minimum  of  four  out  of  five  must  be  correct. 
STS:    9b   Meas:  PC 

c.  State  general  principles  relating  to  major  aircraft  systems. 
A  minimum  of  three  out  of  four  must  be  correct.    STS:    9£  Meas:  PC 

3 

SUPERVISOR  APPROVAL  OP  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  BLOCK 

C3ABR42331  000 

UNIT  DATE 

5             .6  July  1983 

PAGE  NO. 

9 

ATC  j'Syrt    133  previous  coition  os»l?te 


SUPPORT  MATERIALS  AMD  GUIDANCE 


Stadettt  Inetntctlonal  M«f  rl«le 
C3ABR4233i-PT-105,  Aircraft  Jlialllarltatlon 

Training  Method* 
Self-Instruction  (3  hrs) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period,  adiilnister,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  Mdule  materials, 
counsel  student  as  needed  regarding  acadeaic  and  nonacadcsle  reasons,  and 
supervise  cleanup  periods.    The  instructor  will  provide  individual  assistance 
to  each  student  as  needed  during  class.   The  instructor  will  refer  to  Part  II 
Teaching  Guide  for  detaUed  instructions  on  this  nodule  and  to  Instructor 
Responsibilities  Sheet  found  at  the  frcnt  of  this  station  lesson  plan. 
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PLAN  OF  !NSTRUCTION/LESSON  PLAN  PART  i 


OOURSC  TITLE 

Aircraft  Eavlrojamental  Systems  Mschanlc 


BLOCK  TITLE 

Pundamentals 


COURSE  CONTENT 


Z  TIME 


6.     Elements  of  Physics  . 

a.     State  general  principles  relating  to  the  effect  of  temperature 
on  gases •    A  minimum  of  two  out  of  two  must  be  correct.    SIS:  llb(2) 
teas:  PC 

State  general  principles  relating  to  the  effect  of  pressure  on 
gases.    A  minimum  of  two  out  of  two  must  be  correct.    STS:    11c   Heas:  PC 

c.  State  general  principles  relating  to  the  effect  of  atmospheric 
conditions  on  pressure.    A  minimum  of  three  out  of  three  must  be  correct* 
STS:    lld(l)    Meas:  PC 

d.  State  general  principles  relating  to  the  effect  of  atmospheric 
conditions  on  temperature.    A  minimum  of  three  out  of  three  must  be 
correct.    STS:    lld(2)    Meas:  PC 

e.  State  general  principles' relating  to  the  effect  of  atmospheric 
conditions  on  humidity.    A  minimum  of  three  out  of  three  must  be  correct. 
STS:    lid (3)    Meas:  PC 
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SUPERVISOR  APPROVAL  OF  LESSOM  FLAM 


SIGNATURE  AND  DATE 


SICMATURE  AND  DATE 


POl  NUMBER 

C3ABR42331  000 


-OCX 

I 


UNIT 


DATE 


6  July  1983 


PAGE  NO. 
11 


ATC 


FORM 
JUN  70 


PREVIOUS  EDITION  OBSOLETE 


16 


.   COURSE  CONtBtrr 

SUPPORT  MATERIALS  AND  GUlDA^E 
Student  loetrttctlofial  MattrUlB 

C3ABR42331-PT-106,  Physics  of  Solids*  Liquids  and  Gssss 

Training  Methods 
Self-Instruction  (1.5  hrs) 

Instructional  Ouldancs 

The  Instructor  will  supstvls*  ths  class  psrlod,  adldnlBter«  evaluiite,  and 
critique  progress  cheeks,  insure  student  has  cMrrett  aoduld  teaterlals,  counsel 
student  as  needed  regarding  academe  and  nohacademic  riasOttSi  and  supervise 
cleanup  periods.    The  instructor  will  provide  individiiai  assistance  to  each 
student  as  needed  during  class.    The  instmctoir  «ill  ref^r  to  Part  II  Teaching 
Gtilde  for  detailed  instructions  on  this  ttodule  and  to  the  Instructor 
Responsibilities  Sheet  found  at  the  front  of  this  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  1 

kAMe6F  iNSTmiCTOR 

I   COURSE  TITLE  ! 

1  Aircraft  Environmental  Systems  Mechanic 

0LOCK  TITLE 

Fundamentals 

1*                                                 '       COURSE  CONTENT 

Z  TIME 

7.     Electron  Theory 

a.  State  general  facts  relntlng  to  electricity t    A  minimum  of 
12  out  of  IS  must  be  correct.    SIS:    12   Meas:  PC 

b.  State  general  principles  relating  to  electrical  conductors. 

A  minimum  of  four  out  of  five  must  be  correct.    STS:    lla(l)    Meas:  PC 

c.  State  general  principles  relating  to  electrical  Insulators. 
A  minimum  of  one  out  of  one  must  be  correct.    STS:    11a (2)    Ifeas:  PC 

d.  State  general  principles  relating  to  the  effects  of  temperature 
on  metals.    A  minimum  of  one  out  of  one  must  be  correct.    STS:  llb(l) 
Meas:  PC 

4.5 

SUPERVISOR  APPROVAL  OF  LESSON  PL  AM 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  BLOCK 

C3ABR42331  000  I 

UNIT  DATE 

7              6  July  1983 

PAGE  NO. 

13 

ATC    juiiTB       133  »»NEVIOU$  EDITION  OBSDL^TC 


SUPPORT  HATERIALS  AND  GDIDANCE 


Student  Instructional  Haterlals 
C3ABR42331-PT-107,  BLectron  Theory 

Training  Methods 
Self«>Instructlon  (4 .5  hrs) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period,  administer,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  oiodule  materials, 
counsel  student  as  needed  regarding  acadeadc  and  nonacadealc  reasons,  and 
supervise  cleanup  periods.    The  Instructor  will  provide  individual  assistance 
to  each  student  as  needed.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  Instructions  on  this  nodule  and  to  the  Instructor 
Responsibilities  Sheet  found  at  the  front  of  this  station  lesson  plan. 


POX  C3ABR42331  000 


6  July  1983 


ERIC 


kAlAE  iNSTRUCTOf) 


PLAN  OP  INSTRUCTIOH/LESSOM  PLAN  PART  I 


OOURSe  TITLE 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  TITLE 

Fundamentals 


I. 


COURSE  ObNTENT 


8«  Magnetism 

a.  State  basic  facts  relating  to  magnetism.    A  minimum  of  eight 
out  of  ten  must  be  correct.    STS:    12   Meas:  PC 

b.  Given  four  groups  of  electromagnetic  colls ^  use  the  left-hand 
rule  to  determine  the  correct  polarity  for  a  minimum  of  three  out  of 
four  groups.    STS:    12    Meas:  PC 


i  TIME 


2.5 


SUPERVtSOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POt  NUMBER 

C3ABR42331  000 


BLOCK 
I 


SIGNATURE  AND  DATE 


UNIT 


8 


DATE 


6  July  1983 


PACE  NO. 

15 


ATC 


FORM 
JUN  70 


PREVIOUS  EDITION  OStOL^E 


COURSE  COMTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Htterlals 
C3ABR47.331-PT*108»  Magnetln 

Training  tfethoda 
Self^Initructloc  (2.5  hrc) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period »  administer »  evaluate  t  and 
critique  progress  checks »  insure  studeut  has  correct  flK>duIe  MterialsY  counsel 
student  as  needed  regarding  acedeaic  and  nooacadealc  reasons ,  and  supervise 
cleanup  periods.  The  Instructor  irlll  provide  ixidlvidual  assistance  to  each 
student  as  needed.  The  instructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  instructions  on  this  aodule  and  to  fhe  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  1 

Hhkt  O  ^  IHSTmCJOH 

COURSE  TITLE  1 

Aircraft  Environmental  Systems  Mechanic 

BLOCK  TITLE 

Fundamentals 

1.                                                        COURSE  CONTENT 

9.     DC  Generation  and  Basic  Circuit  Symbols  and  Terms 

a.  Specify  basic  facts  relating  to  the  genera tl^^  of  DC  voltage. 
A  minimum  of  four  out  of  five  must  be  correct.    STS:    12   Meas:  PC 

b.  Identify  basic  electrical  circuit  symbols.    A  minimum  of  four 
out  of  five  must  be  correct.    STS:    13c,  13d   Heas:  PC 

3 

SUPERVISOR  APPROVAL  OF  LESSON  PLAM 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  BUOCK 

C3ABR42331  000  I 

UNIT  DATE 

9             6  July  1983 

PAGE  NO. 

17 

ATC    j^n'^      133  PREVIOUS  EDITION  OB»U?TE 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Mttarlalt 

C3ABR42331-PT-109,  DC  Generation  end  Basic  Circuit  Symbols  and  Terms 

Training  Hethods 
Self«*Instruction  (3  hrs) 

Instructional  Guidance 

The  instructor  nill  supervise  the  class  period,  administer »  evaluate,  and 
critique  progress  checks ,  insure  student  has  correct  sxklule  materials, 
counsel  student  as  needed  regarding  academic  and  nonacademlc  reasons,  and 
supervise  cleanup  periods.    The  instructor  will  provide  individual  assistance 
to  each  student  as  needed.    The  Instructor  irtll  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module  and  to  the  Instructor 
Responsibilities  Sheet  found  at  the  front  of  this  station  lesson  plan. 


PCI  C3ABR42331  000  6  July  1983  18 


ERIC 


23 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COUKSe  TITLE 

Aircraft  Environmental  Systems  Mechanic 


•LOCK  TITLE 

Fundamentals 


1. 


COURSE  CONTENT 


mar 


10 •    wiring  Diagrams 

a.  Identify  basic  wiring  diagram  symbols.    A  minimum  of  four  out 
of  five  must  be  correct.    SIS:    13c,  13d   Msas:  PC 

b.  Specify  basic  facts  relating  to  wire  Identification  codes. 
A  minimum  of  four  out  of  five  must  be  correct.    STS;    13c,  13d 
neas:  PC 


3.5 


SUPERVISOR  APPROVAL  OF  LgSSOM  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AND  PATE 


POI  NUMBER 

C3ABR42331  000 


SLOCK 
I 


UNIT 


10 


DATE 


6  July  1983 


PAGE  NO. 

19 


ATC 


FORM 


PREVIOUS  COITION  OSSOLfTC 


 COURSE  COMTgWI  

SUPPORT  MATERIALS  AMD  GUIDANCE 

Student  Instnictlonal  Materials 
C3ABR42331-PT-110,  Wiring  Dlagraas  Riodaaentals 

Training  Bqulpiicnt 

Trainer  P/H  IC  71  4112,  Electrical  Coaponenta  (1) 
Trainer  P/N  18  71  4113,  Bridge  Circuit  Coniponenta  (1) 
Trainer  P/H  18  71  4114,  Electrical  Conponenta  (1) 

Training  Methods 
Self-Inatruction  (3.5  hrs) 

Instructional  Gaidance 

The  Instructor  will  superrise  the  class  psriod,  administer,  evaluate,  a^^d 
critique  progress  checks,  insure  student  has  correct  module  materials,  counsel 
student  as  needed  regarding  academic  and  nonscademlc  reasons,  and  supervise 
cleanup  periods*  The  instructor  will  provide  individual  assistance  to  each 
student  as  needed*  The  instructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  instructions  on  this  module  and  to  the  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan. 
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6  July  1963 


25 


20 


PLAN  OF  INSTRUCTION/LESSOM  PLAM  PART  I 


KAMe6#  INSTRUCTOR 


OOURSC  TITUC 

Aircraft  Eavlroomental  Systems  Mechanic 


•LOCK  TITLE 

^ndameatals 


I. 


COURSE  OONTENT 


Z  TIMr 


11.    Control  and  Protective  Devices 

a.  Specify  basic  facts  about  circuit  protective  devices.  A 
alninum  of  four  out  of  five  oust  be  correct.    STS:    12   Heas:  PC 

b.  Specify  basic  facts  about  circuit  control  devices.  A  minimum 
jf  eight  out  of  ten  must  be  correct.    STS:    12   Heas:  PC 


SUPERVISOR  APPROVAL  OF  LgSSQM  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AND  PATE 


POl  NUMBER 

IC3ABR42331  000 


8L0QC 
I 


UNIT 
11 


OATC 

6  July  1983 


PACC  NO. 

21 


ATC 


FORM 

JUN  7t  '^^ 


PREVIOUS  EOITION  OSSOLf  TE 


26 


COURSE  COBTBMT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instnictlon^l  Materials 
C3ABR42331-PT«^l.ll»  Control  and  Protective  Devices 

Training  Bqulpaent 

Trainer  P/H  18  71  4112,  Electrical  Conponenta  <1) 

Trainer  P/N  18  71  4113,  Bridge  Circuit  Components  (1) 

Trainer  P/H  18  71  4114,  Electrical  Component*  (1) 

Training  Methods 
Self-Instruction  (2  hrs) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period «  administer,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  module  materials,  counsel 
student  as  needed  regarding  academic  and  nonacademlc  reasons,  and  supervise 
cleanup  periods.  The  Instructor  vlll  provide  individual  assistance  to  each 
student  as  needed*  Ihe  Ine^^ructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  Instructions  on  this  module  and  to  the  Instructor  Responsibilities 
Sheet  found  at  the  front  of  \^ls  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  1 

NAME  OF  INSTRUCTOR 

COURSE  TITLE  « 

Aircraft  Environmental  Systems  Hechanlc 

8U0CK  TITLC                                                     ^  , 

Fundamentals 

1.                                                        CdURSE  OONTCNT 

2.  TiME 

12*  Multimeter 

a.     Given  a  power  bench,  a  voltage,  current,  and  resistance 
readings  test  board,  and  a  PSM-37  multimeter,  measure  to  the  nearest 
graduation  on  the  meter's  scale  four  sets  of  electrical  values.  A 
minimum  of  nine  out  of  ten  of  the  DC  voltage,  AC  voltage,  and  DC  current 
sets  must  be  correct*    A  minimum  of  four  out  of  five  of  the  resistance 
sets  must  be  correct.    STS:    14a (1)    Meas:  PC 

12.5 

SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

PCI  NUMBER  BLOCK 

C3ABR42331  000  I 

UNIT  DATE 

12            6  July  1983 

PAGE  NO. 

23 

ATC    j^Jw      133  PREVIOUS  EOlTIOHOBSOLfTE 


COmtSE  COHTENT 


SUPPORT  KATERIM^  AND  GUIBANCE 
Student  Inetrttctioiml  Materials 

C3ABR42331-PT-112,  Use  of  Itest  Equlpaent  (PSll-37  Multimeter) 

Training  Equipment 
Multimeter  (PSM-37)  (1) 

Trainer  P/H  18  73  4344,  Voltage  Qirrent  and  Resistance  Reading:  (1) 
Trainer  P/M  18  72  4320,  Trainer  Hbrkbench  Power  Supply 

Training  Methode 
Self-Instruction  (5* 5  hrs) 
Performance  (7  hrs) 

Instructional  Caldance 

The  classroom  and/or  lab  iastmctor  will  soperrime  the  class  study  and/or  lab 
period,  administer,  evaluate^  and  critique  prepress  checks »  and  performance 
exercises.  Insure  student  has  correct  module  material  and  aquljmient,  counsel 
student  as  needed  regarding  academic  and  nooacademlc  leasons,  and  supervise 
cleanup  periods.    The  instructor  will  provide  ludlvldual  assistance  to  each 
student  as  needed  during  class/ lab  periods.    The  Instructor  will  refer  to 
Part  II  Teaching  Guide  for  detailed  instructions  on  this  module  and  to 
Instructor  Responsibilities  Sheet  found  at  the  front  of  this  station  lesson 
plan* 

13*    Written  Test  and  Critique  1.5 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  ) 

NAUE6f^lNSTRUCT0f^                                                           |    COURSCTtTLC  1 

1  Aircraft  Environmental  Systems  Mechanic 

SLOCK  TITLE 

^indamentals 

1.                                                          COURSE  CONTENT 

Z  TIME 

14.    Klrchhoff 's  Current  .Law 

a.     Apply  Klrchhoff 's  current  law  to  solve  for  unknown  electrical 
values  In  basic  electrical  circuits.    A  minimum  of  four  out  of  five  must 
be  correct.    STS:    12   Vftas:  PC 

1.5 

SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  BLOCK 

C3ABR42331  000                             .  I 

UNIT  DATE 

14            6  July  1933 

PAGE  NO. 

25 
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CODRSB  COHTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Inetnictlonal  Materlala 
C3ABR4233i-PT-114,  Klrchhoff •«  Current  Lav 

Training  Methods 
Self-Instruction  (1.5  hrs) 

Instructional  Guidance 

The  instructor  will  supervise  the  class  period,  adalnlster,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  wdule  materUls,  counsel 
student  as  needed  regarding  academic  and  nonacadesdc  reasons,  supervise  cleanup 
periods,  and  provide  individual  assistance  to  each  student  as  needed.  The 
Instructor  will  refer  to  Part  II  Tfeachlng  Guide  for  detailed  Instructions  on 
this  nodule  and  to  Instructor  Responsibilities  Sheet  found  at  the  front  of  this 
station  lesson  plan. 
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PLAN  OF  IKSTRUCTION/LESSON  PLM  PART 


OOURiK  TITLE 

Aircraft  Bftvlronamtal  Sytems  Mechanic 


tLOCK  TITLE 

rundamentala 


1. 


COUKSC  CONTENT 


nrar 


15.    Klrchhoff '8  Voltage  .Lav 

a*     Use  Klrchhoff  ^8  voltage  lav  to  solve  for  unknovn  values  in 
basic  electrical  circuits*    A  iRlnlsum  of  eight  out  of  ten  unloiovn 
values  must  be  correct.    SIS:    12^  13c   Meas:  PC 


1.5 


SUPgRVISOR  APPROVAL  OP  LESSON  PLAN 


SIGNATURE  AND  OATS 


SICNATURg  AND  PATE 


POI  NUMBER 

C3ABR42331  000 


SLOCK 
I 


UNIT 


15 


DATE 


6  July  1983 


PAGE  NO. 

27 


ATC 


FORM 
JUN  7t 


PREVIOUS  EDITION  OSiOLfTE 


CODRSB  COmilT 


SUPPORT  MATERIALS  AMD  GDIDANCE 

Student  Instructional  Materials 
C3ABR42331--PT--115,  Klrchhof^*s  VolUge  Law 

Training  Methods 
Self-Instruction  (1.5  hrs) 

Instructional  Guidance 

The  instructor  vlll  supervise  the  class  parlodt  '  adnlnlstar,  evalttate»  and 
critique  progress  checks,  Insure  student  has  correct  aodule  aaterlals,  counsel 
student  as  needed  regarding  academic  and  nonacadeslc  reasons,,  and  supervise 
cleanup  periods.    The  Instructor  idLll  provide  Individual  aaslstance  to  each 
student  as  needed.    The  Instructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  Instructions  on  this  aodule  and  to  Instructor  Responslbllltels  Sheet 
found  at  the  front  of  this  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


OOUMC  TITLE 

Aircraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Tundamentals 


COURSC  CONTENT 


16.    Ohm* 8  Law 

a.     Use  Ohm* 8  lav  formulas  to  solve  for  unknowa  electrical  values* 
A  minimum  of  four  out  of  five  must  be  correct*    STS:    12   Meas:  PC 


r-TiRr 


1.5 


SUPERVISOR  APPWVAL  OF  LgSSOM  PLAN 


SIGNATURE  AND  DATE 


POI  NUMBER 

C3ABR42331  000 


ATC 


FORM 

JUN  7a 


SLOCK 
I 


StCNATURE  AMD  DATE 


UNIT 


16 


DATE 


6  July  1983 


PAGE  NO. 
29 


PREVIOUS  EOTION  OBSOLETE 


34 


COURSE  CONTEHT 


SUPPORT  t&iTERIALS  AND  GUIDANCE 

Stttdeat  Inttnictlonal  M>f  rl<ls 
C3ABR42331--PT-116,  Otm's  Lav 

Tralalng  Ifcthodi 
Self--Inf  traction  (1*5  htm) 

Instructlaaal  Stotdance 

The  Instructor  idll  superviM  the  class  period ^  sdslnlster^  evaluate ^  and 
critique  progress  checks »  Insure  student  has  correct  Mdule  materials ^  counsel 
student  as  needed  regarding  academic  and  nonacadeslc  reasons ^  and  supervise 
cleanup  periods.    The  Instructor  irill  provide  individual  assistance  to  each 
student  as  needed «    the  instractor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  instructions  on  this  nodule  and  tc  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan. 
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ERiC 


BLOCK  TITLC 

Fundaaentals 


a.  Use  applicable  lavs  and  forvulas  to  solve  for  unknown  electrical 
values  In  series  circuits.  A  mlnlaum  of  four  out  of  five  must  be  correct. 
SIS:    12   Meas:  PC 

b.  Given  indicated  circuit  discrepancies  and  meter  readings, 
specify  malfunctions  on  series  circuits.    A  minimum  ot  four  out  of  five 
must  be  correct.    STS:    13e(l)    Meas:  PC 


ERLC 


PLAN  OF  iNSTRUCTIOH/LESSOM  PLAN  PART  I 


ooumcTiTue 

Aircraft  Environmental  Systems  Mechanic 


1. 


COURSE  OOKTENT 


17.    Series  Circuits 


2.  Time 


A. 5 


SUPERVISOR  APPROVAL  OF  LgSSOM  PLAW 


SIGNATURE  AND  DATE 


PCI  NUMBER 

C3ABR42331  000 


ATC 


JUNTt  W3 


BLOCK 

I  I 


SIGNATURE  KiO  PATE 


UNIT 


17 


DATE 


6  July  1983 


PAGENO* 
31 


PREVIOUS  EDITION 


§6 


COURSE  COWIBHT 


SUPPORT  MATERIALS  AND  GDIDAHCE 

Student  Inttructlomd  H»f  fialt 
C3ABR/^331-PT-X17.  S«ri««  Ciwult 
C3ABR42331-PT-117A.  Scries  Circuit 

TraAnlny  Equipment 

Multimeter  (P8H-37)  (1) 

Trainer  P/»  18  73  4347,  Series  Circuits  (1) 

Trainer  P/H  18  72  4320,  Trainer  Workbench  Power  Supply  (2) 

Training  Methods 
Self-Instruction  (2.5  hrs) 
Perforaance  (2  hrs) 

Instructional  Guidance 

The  classrooa  and/or  lab  Instructor  mil  supervise  the  study  class  study  end/or 
lab  period,  ad«lnla:er,  evaluate,  and  oriti^t  pcotress  cheelcs  and  performance 
exercises.  Insure  student  has  correct  module  materials  «»ad  «<iulpment,  counsel 
student  as  needed  regarding  academic  and  nonacadamic  raasens,  and  supervise 
cleanup  periods.    The  Instructor  «ill  provide  individual  assistance  to  each 
student  as  needed.    The  Instructor  nill  refer  to  Pavt  II  Tiaehlng  Guide  for 
detailed  Instructions  on  this  module  and  to  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan.   Vhen  a  group  of  students, 
five  or  more,  are  e]q>erienclng  unneeded  difficulty  vith  this  material  and 
the  Instructor/supervisor  feels  that  individual  assistance  would  cause  a 
backloggittg  of  students,  group  pace  will  be  used. 
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PLAN  OP  IHSTRUCTION/LESSM  PLAN  PART  1  1 

COUfISC  TITVC  « 

Aircraft  Bavlronmental  Systems  Mechanic 

•LOCK  TITLC 

Fundamentals 

1.                                                        COURSE  CONTENT 

Z  TIME 

18 •    Farallel  Circuits  • 

a.  Use  applicable  lavs  and  formulas  to  solve  for  unknoim  electrical 
values  in  parallel  circuits.    A  minimum  of  four  out  of  five  must  be 
correct.    STS:    12   Meas:  PC 

b.  Given  Indicated  circuit  discrepancies  and  meter  readings « 
specify  malfunctions  on  parallel  circuits.    A  minimum  of  four  out  of 
five  must  be  correct.    STS;    i3e(l)   Meas:  PC 

4.5 

SUPERVISOR  APPROVAL  OF  LESSON  PLAtJ 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  SLOCK 

caAaR42331  000  I 

UNIT  DATE 

18            6  July  1983 

PAOe  NO. 

33 
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-    cooRSB  cotiTforr   

SUFPORT  KATERIALS  AKD  (3UIDAMCB 

Student  .Intttuctioiud.  lfat<tti<lt 
C3ABR42331-n:-118.  Paralliicltcult* 
C3ABR42331-Pr-118A,  Parallel  Circuits 

Treinln^  gquip— nt 
Miatljfceter  (PSM-37)  (1) 

Trainer.  P/H  l8  73  4350,  Parallel-  dircuits  (1)  . 

Trainer  P/H  18  72  4320,  Trainer  Work  Bench  Poner  B^pplf  (2) 

Training  Methojlit 
Self-Instruction  (2.5  hrs) 
Performance  (2  hrs) 

Instructional  Guidance 

The  classroOB  and/or  lab  iiiitirti6tdt  vlll  sup^nriM  thi  ^tud«ht  class  study 
and/or  lab  period,  adMlnistet^  eVAluiti,  iiid  <>fitl^  prditiSit  checks  and 
performance  exercises,  inaiit^  Student  has  corr«e:t  aodulik  «af«rials  and 
equipment,  counsel  student  4s  Headed  regatdiitg  i&tAkid€  tfrid  nonacademic 
reasons  and  supervise  deaiittp  periods «    The  Iflsttttisior  idll  provide 
individual  assistance  to  each  student  as  needed <   fti  iiitfH6tox  will  refer 
to  Part  II  Teaching  Guide  for  dtfUll^  ixL§t1iutti<m§  M  this  module  and  to 
Instructor  Responsibilities  Sheet  found  at  tha  fr^^  t  oif  thii  station  lesson 
plan.   When  a  group  of  students,  five  or  aora^  are  ei^eriaBclng  unnaeded 
difficulty  with  this  material  and  the  initmctet  M^rviaor  feels  that 
individual  assistance  would  cause  a  backloggiiig  of  students,  group  pace  will 
be  used. 
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PLAN  OF  iNSTftUCTION/LESSON  PLAN  PART  i  1 

COURSC  TITLE  J 

Aircraft  EnvlronmenUl  Systems  Mechanic 

•LOCK  TITLE 

Pundaaentals 

1*                                                        COURSE  CONTENT 

Z  TIME 

L9.    Series- Parallel  Clrculta 

a.  Use  applicable  lavs  and  formulas  to  solve  for  unknovn  electrical 
values  In  series-parallel  circuits.    A  alnlmua  of  four  out  of  five  mst  be 
::orrect.    STS:    12   Meas:  PC 

b.  Given  Indicated  circuit  discrepancies  and  meter  readings, 
specify  malfunctions  on  series-parallel  circuits.    A  minimum  of  three 
m  of  four  must  be  correct.    STS:    13e(l)    Meas:  PC 

• 
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COURSE  CORrEHT 


SUPPORT  MATERIALS  AMD  GUIDANCE 

Student  In«f.ructlonal  M«f  rl%l« 
C3ABR42331-PT-119,  S«rl«»-P«r«llel  Circuits 
C3ABR42331-PT-119A,  Seriee-Par«ll«l  Circuits 

Training  Equip— nt 
Multlneter  (PSM-37} 

Trainer  P/K  18  73  4346,  Series  Parallel  Circuits  (1) 
Trainer  P/N  18  72  4320,  Ttalner  tfork  Bench  Power  Supply  (2) 

Training  Methods 
Self-Instruction  (10  hrs) 
Perforaumce  (5  hrs) 


Instructional  Guidance 

The  classroom  Instructor  will  supervise  the  class  period,  administer,  evaluate, 
and  critique  progress  checks,  insure  student  has  correct  module  materials, 
counsel  student  as  needed  regarding  academic  and  nonacademlc  reasons,  and 
supervise  cleanup  periods.    Ihe  Instructor  will  provide  Individual  assistance 
to  each  student  as  needed.    The  Instructor  will  refer  to  Part  II  Tfeaching  Guide 
for  detailed  Instructions  on  this  module  and  to  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan.   When  a  group  of  students,  five 
or  more,  are  experiencing  unneeded  difficulty  with  this  material  and  the 
instructor  supervisor  feels  that  Individual  assistance  would  cause  a  backlogglng 
of  students,  group  pace  will  be  used. 


PCI  C3ABR42331  000  6  July  1983  ^IT 


ERIC 


41 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

1  Aircraft  Eavlronmental  Systeme  MBchanlc 

BLOCK  TITLE 

Fundamentals 

1.                                                        COURSE  CONTENT 

Z  TIME 

20.    Switching  Circuits 

a.     Specify  basic  facts  relating  to  relay  switching  circuit 
devices.    A  minimum  of  three  out  of  three  must  be  correct.    STS:  12 
^eas :  PC 
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SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 
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C3ABR42331  000                               . 1 
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SUPPORT  MATERIALS  AMD  GOIUANCE 

Student  Instructional  Maf  riala 
C3ABR42331-PT-120.  Introduction  to  Relays 

Training  Methods 
Self-Instruction  (3  hrs) 

Instructional  Guidance 

The  dassroott  Instructor  ulll  supervise  the  class  period,  adidnlster.  evaluate 

student  as  needed  regarding  aoadsidc  and  nonacadeale  teas(»ns,  and  supervise 
cleanup  periods,  the  instructor  will  provide  individual  assistancr?o  «ch 
IS  ""1^^:   ^*  la^tructor  irtll  refer  to  Part  II  leaching  Guide  for 

detailed  Instructions  on  this  Mdule  and  to  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PARTI  1 

NAMEOF  INSTRUCTOR 

j    COURSE  TITLE  'f 

1   Aircraft  Envlrpnmental  Systems  Mechanic 

BLOCK  TITLE  — 

Fundamentals 

1.                                                          COURSE  CONTENT 

2.  TIME 

21.    DC  Motors  and  Control  Circuits 

a.  Specify  basic  facts  relating  to  DC  motors*    A  mlnlmtim  of  seven 
out  of  nine  must  be  correct*    STS:    12   Meas:  PC 

b.  GLven  a  DC  motor  control  circuit  wiring  diagram  with  Indicated 
malfunctions  and  circuit  discrepancies,  specify  which  malfunction  • 
caused  each  discrepancy «    A  minimum  of  four  out  of  five  must  be  correct. 
STS:    13c,  13d,  13c(l)    Meas:  PC 

c.  Using  housekeeping  practices  consistent  with  safety  and  fire 
prevention  and  given  a  DC  motor  control  circuit  trainer,  wiring  diagram, 
and  a  multimeter,  troubleshoot  circuit  problems.    A  minimum  of  four  out 
of  five  must  be  correct*    STS:    3e(l),  3e(2).  13c.  13d.  13e(l).  16c 
Meas :  PC 

8.5 

SUPERVISOR  APPROVAL  (    LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  BLOCK 
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UNIT  DATE 
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SUPPORT  KATEP.IALS  AND  GUIDANCE 


Student  Instructional  Materials 
C3ABR42331-PT-121,  DC  Motors 

C3ABR42331-WB-121,  DC  Motors  and  Control  Circuits  Wiring  Diagram 
C3ABR42331-WB-121A,  DC  Motors  and  Control  Circuits  Troubleshooting 

Training  Egulpaent 
Multimeter  (PSM-37)  (1) 

Trainer  P/N  18  50  1387,  DC  Reversible  Motor  System  (1) 
Trainer  t/^  18  50  1318,  Actuator  Valve  Assembly  Display  (1) 

Training  Methods 

Self- Instruction  (1.5  hrs) 

Performance  (7  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  Instructor  will  supervise  the  studant  class  study  and/or 
lab  period,  administer,  evaluate,  and  critique  progress  checks  and  performance 
exercises,  insure  student  has  correct  nodule  naterials  and  equipment,  counsel 
student  as  needed  regarding  academic  and  nonacadealc  reasons  and  supervise 
cleanup  periods.    The  instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  class/lab  periods.    The  instructor  will  refer  to 
Part  II  Teaching  Guide  for  detailed  instructions  on  this  module  and  to 
Instructor  Responsibilities  Sheet  found  at  the  front  of  this  station  lesson 
plan. 


PCI  C3ABR42331  000 


6  July  1983 


 PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 

nAUEof  iNSTrnJCTGR  I    COURSE  TITLE 


Aircraft  Envlroiinental  Systems  Mechanic 


SUOCK  TITLE 

Fundamentals 

1.                                                         COURSE  CONTENT 

Z  TIME 

22.    Tsmperature  Control. Circuits 

a.  State  general  principles  relating  to  basic  temperature  control 
circuits.    A  minimum  of  four  out  of  five  must  be  correct.    STS:  12, 
13a (1)    Meas:  PC 

b.  Given  a  basic  temperature  control  circuit  wiring  diagram  with 
Indicated  malfunctions  and  temperature  control  circuit  discrepancies, 
specify  which  malfunction  caused  each  discrepancy.    A  minimum  of  six  out 
of  eight  must  be  correct.    STS:    13c,  13d,  13e(l)    Meas:  PC 

c.  Given  a  temperature  control  circuit  trainer,  diagram,  and  a 
multlmet3r,  troubleshoot  circuit  problems.    A  minimum  of  four  out  of 
five  must  be  correct.    STS:    13c,  13d,  13e(l),  16c   Meas:  PC 

10 
(3) 

(4) 
(3) 

SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

StGNATURE  AND  DATE 

SIGNATURE  AND  DATE 
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COURSE  COMTENT 


SUPPORT  HATERIAI^  AND  GUIDANCE 
Student  Instructional  Haterlalg 

C3ABR42331-PT-122,  Tenperatur*  Controlling  Bridge  Circuits 
C3ABR42331-WB-122,  Tempersturs  Control  Circuits  Wiring  Dlagrsa 
C3ABR42331-WB-122A,  Temperature  Control  Circuits  Troubleshooting 

Training  Equipment 

Multimeter  (PSM-37)  (1) 

Trainer  P/N  18  63  3072,  Bridge  Circuit  (1) 

Training  Methods 
Self-Instruction  (3  hrs) 
Performance  (7  hrs) 

Instructional  Guidance 

The  classroom  and/or  Ub  Instructor  will  suparvlM  the  student  class  study  and/or 
lab  period,  administer,  evaluate,  and  crltl<iue  progress  checks,  performance 
exercises,  insure  student  has  correct  module  aeterlals  and  equipment,  counsel 
student  as  needed  regarding  academic  and  nonacedemlc  r^eons,  and  supervise 
cleanup  periods.    The  Instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  dass/Ub  periods.    The  instructor  will  refer  to 
Part  II  Teaching  Guide  for  detailed  Instructions  on  this  module  and  to 
Instructor  Responsibilities  Sheet  found  at  the  front  of  this  station  lesson 
plan. 
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BLOCK  TITLE 

Fundamentals 


PLAN  OF  IN$TRUCTIONA>ESSON  PLAN  PART  I 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mechanic 


1. 


COURSE  CONTENT 


23.    Alternating  Current 

a.     Specify  basic  facts  relating  to  alternating  current.    A  minimum 
of  five  out  of  six  must  be  correct.    SIS:    12   Meas:  PC 


Z  TIME 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SICNATURE  AND  DATE 


ERLC 


POI  NUMBER 

C3ABR42331  000 


ATC 


FORM 
JUN  70 


BUPCK 
1 


UNIT 


23 


DATE 


6  July  1983 


PAGE  NO. 
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PREVIOUS  EDITION  OBSOLETE 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
C3ABR42331--PT-123,  Alternating  Current 

Training  Methods 
Self-Instruction  (1  hr) 

Instructional  Guidance 

The  instructor  will  supervise  the  class  period,  administer,  evaluate,  and 
critique  progress  checks,  insure  student  has  correct  module  materials,  counsel 
student  as  needed  regarding  academic  and  nonacademlc  reasons,  and  supervise 
cleanup  periods*    The  instructor  will  provide  Individual  assistance  to  each 
student  as  needed.    The  instructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  instructions  on  this  module  and  to  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan. 
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6  July  1983 


BLOCK  TITLE 

Fundamentals 

1. 

COURSE  CX)NTENT 

Z.  TIME 

NAUe6FINithu&TOR 


PLAN  OF  WSTRUCnON/LESSON  PLAN  PART  I 


COURSE  TITLE 


24.  Capacitance 

a*     Specify  basic  facts  relating  to  capacitance.    A  minimum  of 
eight  out  of  ten  must  be  correct*    STS:    12   Meas:  PC 


ERLC 


suPEav;S0R  approval  of  lesson  plan 
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SIGNATURE  AND  DATE 


UNIT 


24 


DATE 


6  July  1983 


PREVIOUS  EDITION  OBtOLfTE 


PAGE  NO. 
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COURSE  COHTEMT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Matftrl«lt 
C3ABR42331-?T-124,  Capacitance 

Training  Methods 
Self-bistructlon  (.5  hr) 

Instructional  Guidance 

The  Instructor  will  supervise  tha  class  period,  administer,  evaluate,  and 
critique  progress  checks.  Insure  student  has  correct  moduls  materials,  counsel 
student  as  needed  regarding  acadealc  and  nonacadealc  reasons,  and  supervise 
cleanup  periods.    The  instructor  id.ll  provide  Individual  assistance  to  each 
student  as  needed  during  class.    The  Instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module  and  to  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan. 
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nAm£6f  imstructor 


PLAN  OF  iNSTRUCTION/LESSOM  PLAN  PARt  I 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  TiTL£ 

Fundamentals 


1. 


COURSE  CONTENT 


25.  Inductance 

a.     Specify  basic  facts  relating  to  inductance « 
out  of  ten  must  be  correct.    SIS:    12    Meas:  PC 


A  minimum  of  eight 


Z  TIME 


•  5 


SUPERVtSOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POI  NUMBER 

C3ABR42331  000 
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FORM 
JUN  7t 
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SICNATURE  AND  DATE 


UNIT 


25 


DATE 


6  July  1983 


PAGE  NO. 

47 


PREVIOUS  EDITION  OBSOLETE 


52 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Mtterlale 
C3ABR42331-PT-125,  Inductance 

Training  Methods 

Self- Instruction  (.5  hr) 

Instructional  Guidance 

The  instructor  will  supervise  the  class  period,  administer .  evaluate,  and 
critique  progress  checks.  t:i*urct  student  has  correct  aodula  aaterials.  counsel 
student  as  needed  regarding  academic  and  nonacadenic  reasons,  and  supervise 
cleanup  periods.    The.  instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  class.    The  Instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instruction  on  this  module  and  to  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLC 

Aircraft  Environmental  Systems  Mechanic 


SUOCK  TITLE 

Fundamcntal3 


COURSE  CONTENT 


ERLC 


26.    AC  Motors  and  Control  Circuits 

a.     Specify  basic  facts  relating  to  AC  motors < 
out  of  five  must  be  correct.    STS:    12   !feas:  PC 


A  minimum  of  four 


b.  Given  an  AC  motor  control  circuit  wiring  diagram  with  indicated 
malfunctions  and  circuit  discrepancies ^  specify  which  malfunction  caused 
each  discrepancy!    A  minimum  of  five  out  of  six  must  be  correct. 
STS:    13c,  13d,  13c(l)    Meas:  PC 

c.  Given  an  AC  motor  control  circuit  trainer,  wiring  diagram,  and 
a  multimeter,  troubleshoot  circuit  problems.    A  minimum  of  four  out  of 
five  must  be  correct.    STS:    13c,  13d,  13e(l),  16c   tfeas:  PC 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


Z  TIME 
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COURSE  COWTEHT 


SUPPORT  MATERIALS  AMD  GUIDANCE 

Student  Instructional  Ifatcrlala 
C3ABR42331-PT-126,  AC  Motors 

C3ABi42331-WB-126,  AC  Motots  and  Control  Cltfcults  Wiring  Diaaraa 
C3ABR42331-HB-126A.  AC  Motors  and  Control  Circuits  Troubleshooting 

Training  Equip»ent 
Multimeter  (PSM-37)  (I) 

Trainer  P/N  18  63  2999,  Valve  Control  Svstea  (1) 

Trainer  p/N  18  50  1318,  Actuator  Valve  Assembly  Display  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (9  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  Instructor  will  supervise  the  dans  and/or  lab  period, 
administer,  evaluate,  and  critique  progress  checks  and  performance  exercises, 
insure  student  has  correct  module  materials  and  equipment »  counsel  student  as 
needed  regarding  academic  and  nonacademic  reasone,  and  supervise  cleanup 
periods.    The  Instructor  will  provide  Individual  Assistance  to  each  student 
as  needed  during  class/lab  periods.    The  Instructor  will  refer  to  Part  II 
Teaching  Guide  for  detailed  instructions  on  this  module  and  to  Instructor 
Responsibilities  Sheet  found  at  the  front  of  this  station  lesson  plan. 
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BLOCK  TITLE 

Pundamentale 

h 

COURSE  CONTENT 

Z  TIME 

27.    Solid  State  Devices  . 

1.5 

a.     State  general  principles  relating  to  solid  state  devices.  A 
ninlncum  of  eight  out  of  ten  must  be  correct.    STS:    12,  13a(4)    Meas:  PC 
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COURSE  CONTBMT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-127,  Principles  of  Solid  State  Devices 

Training  Methods 
Self-Instruction  (1.5  hrs) 

Instructional  Guidance 

The  Instructor  will  supervise  the  class  period,  administer,  eval'iate,  and 
critique  progress  checks,  insure  student  has  correct  module  materials,  counsel 
student  as  needed  regarding  academic  auf  nonacademic  reasons,  and  supervise 
cleanup  periods.    The  instructor  will  provide  Individual  assistance  to  each 
student  as  needed  during  class.    The  Instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module  and  to  Instructor  Responsibilities 
Sheet  found  at  the  front  of  this  station  lesson  plan. 
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PL  AN  OF  INSTRUCTIOH/L  ESSOH  PL  AN  PART  1  1 

nAmE  0  F  IN»TRUwTOR 

1    COURSE  TITLE 

1    Aircraft  Environmental  Systems  Mechanl 

BLOCK  TITLE 

Fundamentals 

1. 

COURSE  CONTENT 

2.  TIME 

28.    Magnetic  Amplifiers 

a*     State  general  principles  about  magnetic  amplifier  type 
temperature  controllers.    A  minimtim  of  four  out  of  five  mu«t  be  correct. 
STS:    12,  13a(3)    Meas:  PC 
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COfJRgg  CQRTEBT 


SUPPORT  MATERIALS  AND  GOIDANCE 

Student  Itiatructloiial  Hsterlala 
C3ABR42331-PT-128,  Magnetic  Amplifiers 

Audio  Visual  Aids 

Transparency,  Magnetic  Amplifier  Circuits  CT  73-1584  (1) 

Training  Methods 
Self-lnstruCtion  (4  hrs) 

Instructional  Guidance 

The  instructor  will  supervise  the  class  period,  administer,  evaluate,  and 
critique  progress  checks,  insure  student  has  correct  module  material,  counsel 
student  as  needed  regarding  academic  and  nonacademic  reasons,  and  supervise 
cleanup  periods.    Ihe  instructor  will  provide  individual  assistance  to  each 
student  as  needed.    Ti*ii  instructor  will  refer  to  Part  II  Teaching  Guide  for 
detailed  Instructions  on  this  module  and  to  Instructor  Responsibilities  Sheet 
found  at  the  front  of  this  station  lesson  plan. 
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NAMEOF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Aircraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Fundamentals 


1. 


COURSE  CONTENT 


2.  TIME 


29.    Trainer  Aircraft  Air  Conditioning  System 

a.  State  general  principles  relating  to  a  trainer  aircraft  air 
conditioning  system.    A  minimum  of  16  out  of  20  must  be  correct. 
STS:    16a(4)    Meas:  PC 

b.  Given  a  trainer  aircraft  air  conditioning  system  wiring  diagram 
with  Indicated  malfunctions  and  system  discrepancies,  specify  which 
malfunction  caused  each  discrepancy.    A  minimum  of  five  out  of  six  must 
be  correct.    STS:    13c,  13d,  13e(l),  16d(l)    Meas:  PC 

c.  Given  a  trainer  aircraft  air  conditioning  system  trainer, 
wiring  diagram   and  a  multimeter,  troubleshoot  system  problems.  A 
mlnlmtin  of  four  out  of  five  muat  be  correct.    STS:    13c,  13d,  13e(l), 
16c,  16d(l)    Meas:  PC 
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COURSE  CORTBRT 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  VkttexiMlm 

C3ABR42331-PT-129,  Trainer  Aircraft  Air  Conditioning 

C3ABR42331-WB-129,  Trainer  Aircraft  Air  Conditioning  System  Wiring  Diagram 
C3ABR42331-WB-129A,  Trainer  Aircraft  Air  Conditioning  System  Troubleshooting 

Training  Equipment 
Multimeter  (PSM-37)  (1) 

Trainer  P/N  IS  66  3301,  Trainer  Aircraft  Air  Conditioning  System  (2) 

Training  Methods 
Self-Instruction  (3.5  brs) 
performance  (9  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  Instructor  will  supervise  the  student  class  study 
and/or  lab  period,  admlal»ter»  enraluate,  and  eritl^  progress  checks  and 
performance  exercises,  Insare  student  lias  correct  module  amterials  and 
equipment,  counsel  student  as  needed  regarding  academic  and  nonacademic 
reasons,  and  supervise  cleanup  periods.    The  Instructor  will  provide 
individual  assistance  to  each  student  as  needed  dmrlttg  cUme/lab  periods. 
The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  Instructions 
on  this  module  and  to  Instructor  Responsibilities  Sheet  found  at  the  front  of 
this  station  lesson  plan. 

30.  Military  Training  j 
a.      Physical  Conditioning  (7) 

31.  Written  Test  and  Critiqus  1^5 
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PLAN  OF  IMSTRUCTION/LESSON  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


I    COURSE  TITLE 

Arcra£t  Environmental  Systems  Uechanlc 


BLOCK  TITLE 


Air  Conditioning  Systems 


COURSE  CONTENT 


Z  TIME 


1.     Decade  Resistor  Functions  and  Windshield  Amplifier  Bench  Check 


a.  Associate  four  out  of  five  switch  controls  or  binding  posts  of 
the  decade  resistor  to  their  function.    STS:    l4a(2)    Meas:  PC 

b.  Given  an  illustration  of  the  panel  face  of  the  decade  resistor 
with  predetermined  control  settings,  compute  a  minimum  of  three  out  of 
four  decade  switch  control  settings  for  designated  switches  into  total 
ohms  resistance.    STS:    l4a(2)    Meas:  PC 

c.  Given  a  decade  resistor  and  predetermined  decade's  total  ohms 
resistance,  program  a  minimum  of  three  out  of  four  decade  switch  control 
settings  properly  under  the  proper  decade  switch  designations. 
STS:    I4a(2)    Meas:  PC 


2.5 
(.5) 
(1.5) 


(.5) 
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II 
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PAGE  NO. 
57 


ATC 


FORM 
JUN7e 


PNEVIOUS  EDITION  OBSOLETE 
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COURSE  COHTEHT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
C3ABR42331-PT-201,  Decade  Realatora 
C3A3R42331-Wfr-201,  Decade  Resistors 
C3ABR42331-WB-201A,  Decade  Resistors 

Training  Equipment 
Decade  Box  (1) 

Training  Methods 
Self-Instruction  (2  hrs) 
Performance  (.5  hrs) 

Instructional  Guidance 

The  instructor  will  issue  prograutted  text,  workbook^  and  trtining  equipment 
to  each  student.    Each  student  must  satisfactorily  accomplish  each  objective 
before  he/she  can  proceed  to  the  next  unit  of  instmction.    After  satisfactory 
completion  of  PT-201,  direct  the  student  to  complete  WB-201,  and  then  WB-201A. 
The  instructor  will  ensure  that  all  training  equipment  used  by  the  student  is 
turned  in  and  properly  stored.    Where  feasible,  shut  off  operating  equipment  to 
conserve  energy.    Ensure  student  complies  with  safety  practices  lAW  applicable 
AFOSH  standards. 


PCI  C3ABR42331  000 


6  July  1983 


63 


58 


PLAN  OF  iNSTRUCTION/LESSOH  PLAN  PART  I 


NAUebFINSTRU^rdR  '  '  I    COURSE  TITLE 

 jilrcraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Air  Conditioning  Systems 

1. 

COURSE  CONTENT 

Z  TIME 

2.      Fighter  Cabin  Air  Conditioning  Systems 

a.  Relate  a  minimum  of  eight  out  of  ten  bleed  air  system  components 
to  their  operation.    STS:    15a   Meas:  PC 

b.  Relate  a  minimum  of  eight  out  of  ten  fighter  cabin  air 
conditioning  system  components  to  their  operation.    STS:    16a (1)    Meas:  I 

c.  Relate  a  minimum  of  four  out  of  five  defog  system  components  to 
their  operation.    STS:    17a (3)   Meas:  PC 

d.  Using  a  wiring  diagram  for  the  air  conditioning  system^ 
specify  causes  for  system  troubles  with  a  minimum  score  of  48  out  of 
60  total  points.    STS:    16d(l)    Meas:  PC 

e.  Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  cabin 
air  conditioning  system  trainer ^  locating  three  out  of  four  troubles 
correctly.    STS:    16d(l)    Meas:  PC 

24 
(4) 

(4.5) 

C 

(.5) 
(5) 

(10) 
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WPERVt^R  APPROVAL  OF  LESSON  PLAM 
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P0(  NUMBER 
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COORSE  COMTEMT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Inetructlonal  Materials 
C3ABR42331-PT-202,  Fighter  tlttd  Air  Systes 
C3ABR42331-PT-202A,  Fighter  Cabin  Air  Conditioning  Syatea 
C3ABR42331-WB-202,  Fighter  Cabin  Air  Conditioning  Syatea 
C3ABR42331-WB-202A,  Fighter  Cabin  Air  Conditioning  Syatem  Troubleahootlng 

Training  Equipment 

Trainer  3305,  Fighter  Air  Conditioning  (1) 

Training  Methods 
Self-Inatructlon  (9  hr'a) 
Performance  (15  hrs) 

Instructional  Guidance 

The  instructor  will  issue  frogrsMied  text,  workbook,  and  training  equipment 
to  each  student.    Each  student  aust  satisfactorily  aceoapllsh  each  objective 
before  he/she  can  proceed  to  the  next  unit  of  instruction.    After  satisfactory 
completion  of  PT-202A,  direct  the  student  to  coiqilate  WB-202,  Fighter  Cabin 
Air  Conditioning  System  Wiring  Diagram.    The  Instructor  will  ensure  that  all 
training  equipment  used  by  the  student  is  turned  in  and  properly  stored. 
Where  feasible,  shut  off  operating  equipment  to  conserve  energy.  Ensure 
student  complies  with  safety  practlcea  lAW  applicable  AFOSH  standards. 
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'nAm£6f  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAM  PART  I 


COURSE  TITLE  » 

drcraft  Environmental  Systems  M&chanlc  I 


BLOCK  TITUE 

Air  Conditioning  Systems 


1. 


COURSE  CONTENT 


3*     Rain  Removal  Systems 

a»     Relate  eight  out  of  ten  components  of  the  rain  removal  system 
to  their  operation.    STS:    17a (A)    Meas:  PC 

b.  Using  an  electrical  diagram.  Identify  and  record  the  cause  for 
given  discrepancies  achieving  a  minimum  of  3^  out  of  40  total  points. 
STS:    17d    Meas:  PC 

c.  Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  rain 
removal  system  trainer,  locating  three  out  of  four  troubles  correctly. 
STS:    17d    Meas:  PC 

d.  Given  the  functional  test  procedures  for  the  windshield 
temperature  control  circuitry,  the  power  bench  with  unlt-B,  and  related 
test  equipment,  perform  a  functional  test  and  record  the  correct 
procedures  number  and  the  remedy  for  abnormal  Indications  for  two  given 
problems.    STS:    17g    Meas:  PC 


Z  TIME 


13 


(2) 


(4) 


(4.5) 


(2.5) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 
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C3ABR42331  000 
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FORM 
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133 


PREVIOUS  EOlTtON  OBSOLETE 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Katerials 
C3ABR42331-PT-203,  Rain  Re«oval  System 
C3ABR42331-WB-203,  Kaln  Removal  System  Wiring  Diagram 
C3ABR42331-WB-203A,  Rain  Removal  System  Troubleshooting 
C3IUBRA2331-WB-203B,  Windshield  Temperature  Control  Circuit 
Functional  Test  Procedures 

Training  Equipment 

Trainer,  3336,  Rain  Removal  System  (1) 

Multimeter  (1) 

Decade  Resistor  (1) 

Power  Bench  with  Uhit-B  (1) 

Training  Methods 
Self-Instruction  (2  hrs) 
Performance  (11  hrs) 

Instructional  Guidance 

The  instructor  will  issue  programmed  text,  workbooks,  and  training  equipment 
to  each  student.    Each  student  must  satisafctorlly  accoiqyllsh  each  objective 
before  he/she  can  proceed  to  the  next  unit  of  instruction.    After  satisfactory 
completion  of  the  objectives,  the  intiructor  will  Insure  that  all  training 
equipment  used  by  the  student  is  turned  In  and  properly  stored.    Where  feasible, 
shut  off  operation  equipment  to  conserve  energy.    Ensure  student  complies  with 
safety  practices  lAW  applicable  AFOSH  standards. 
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PLAN  OF  INSTRUCTIOM/LESSOM  PLAM  PART  I 


BLOCK  TITLE 


OOUMC  TITLE 

4trcraft  Envlronaenta?.  Systems  Mechanic 


Air  Conditioning  Systems 


COUUSC  COMTPIT 


4.     Equipment  Air  Conditioning  System 

a.  Associate  eight  out  of  ten  fighter  air  conditioning  system 
components  to  their  operation.    SIS:    16a(l)    Meas:  PC 

b.  Using  a  wiring  diagram,  specify  causes  for  equipment  air 
conditioning  system  troubles  with  a  minimum  score  of  80  out  of  100  total 
points.    STS:    16d(2)    Meas:  PC 

c.  Using  a  multimeter  ai^d  wiring  diagram,  troubleshoot  the 
equipment  air  conditioning  system:  trainer,  locating  three  out  of  four 
troubles  correctly.    STS:    16d(2)    Meas:  PC 


Z  TIME 


16 
(4) 

(6) 
(6) 
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PREVIOUS  EDITION  OOSDL^TE 


ERJC 


68 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  MaterJ^ls 

C3ABR42331-PT-204,  EqulpaeAt  Air  Conditioning  System 
^^ll^l^i'^^^'  Equlpl>e:^t  Air  Conditioning  System  Wiring  Diagram 
C3ABR42331-WB-204A,  Equipment  Air  Conditioning  System  Troubleshooting 

Training  Equipment 

Trainer  3305,  Fighter  Air  Conditioning  (1) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (4  hrs) 
Performance  (12  hrs) 

Instructional  Guidance 

The  Instructor  will  issue  programmed  text,  workbook,  and  training  equipment  to 
each  student.    Each  student  must  satisfactorily  accomplish  each  objective 
before  he/she  can  proceed  to  the  next  unit  of  iostruction.    After  satisfactory 
completion  of  PT-204,  direct  the  student  to  complete  C3ABR42331-WB-204 
E-uipment  Air  Conditioning  System  Wiring  Diagram.    The  instructor  will'ensure 
that  all  training  equipment  used  by  the  student  is  turned  in  and  properly 
stored.    Where  feasible,  shut  off  all  operating  equipment  to  conserve  energy. 
Ensure  student  complies  with  safety  practices  lAW  applicable  AFOSB  standa-ds. 


ERIC 
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NAME  OF  IH^tfcu^TwR 


PLAM  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Air  Conditioning  Systems 


COURSE  TITLE 

llrcraft  Environmental  Systems  Mechanic 


1. 


COURSE  CONTENT 


5.      Temperature  Control.  System  Tester 

a.     Associate  four  out  of  five  controls  on  the  Illustration  of  the 
temperature  control  system  tester  (AN/PSM-21)  with  their  function • 
STS:    14b   Meas:  PC 

Using  a  temperature  control  system  tester  and  multimeter, 
troubleshoot  the  air  conditioning  systems  trainer,  correctly  locating 
three  out  of  four  of  the  assigned  troubles,    STS:    14b   Meas:  PC 


z  TIME 


7 

(2-5) 
(4-5) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-205,  Ttemperature  Control  System  Tester 
C3ABR42331-WB-205,  Temperature  Control  System  Tester 

Training  Equipment 

Trainer  3305,  Fighter  Air  Conditioning  (1) 

Multimeter  (1) 

Test  Set,  AN/PSM-21A  (1) 

Training  Methods 
Self-Instruction  (2.5  hrs) 
Performance  (4.5  hrs) 

Instructional  Guidance 

The  Instructor  will  ensure  that  all  training  equipment  used  by  the  student  is 
turned  in  and  properly  stored.    Where  feasible,  shut  off  operating  equipment 
to  conserve  energy.    Ensure  student  complies  with  safety  practices  lAW  applicable 
AFOSH  standards. 

6.      Written  Test  and  Critique  1^5 


POX  C3ABR42331  000  6  July  1983  66 


ERLC 


o  71 


PLAN  OF  INSTRUCTlON/LgSSON  PLAN  PART  I 


/ 

COURSE  TITLE  1 

ircraft  Environmental  Systems  Mechanic 

BLOCK  TITLE 

Air  Conditioning  Systems 

1.                                                          COURSE  CONTENT 

Z.  TIME 

7.     Bomber  Air  Conditioning  System 

a«     Relate  eight  out  of  ten  bleed  air  system  components  to  their 
operation.    STS:    15a   Heas:  PC 

b.  Relate  eight  out  of  ten  cabin  air  condtllonlng  system  components 
to  their  operation.    STS:    16a(2)    Meas:  PC 

c.  Using  a  wiring  diagram,  specify  causes  for  air  conditioning 
system  troubles  attaining  a  minimum  of  48  out  of  60  possible  points. 
STS:    16d(l)    Meas:  PC 

d.  Using  a  multimeter  and  wiring  diagram,  troubleshoot  the  cabin 
air  conditioning  system  trainer,  locating  a  mlnimina  of  three  out  of  four 
troubles  correctly.    STS:    16d(l)    Meas:  PC 

24 

(4) 

(4) 
(8) 

(8) 
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COURSE  COHTEKT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  HatetjUile 
C3ABR42331-PT-207*  Bombet  Bleed  Air  Supply  System 
C3ABR42331-PT-2;d7A,  Bombfer  Air  Conditioning  System 
C3ABR42331-WB-207,  Bomber  Air  Conditioning  System  Wiring  Diagram 
C3ABR42331-WB-2P7A,  Bomber  Air  Conditioning  System  Troubleshooting 

Training  Equipment 

Trainer  2518,  Bomber  Air  Conditioning  System  (1) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (8  hrs) 
Performance  (16  hrs) 

Instructional  Guidance 

The  instructor  Vill  issue  programed  text^  wdrkbdok,  and  training  equipment  to 
each  student.    Each  student  must  satisfactorily  accomplish  the  objective  before 
he/she  can  proceed  to  the  next  uait  of  instruction.    ATter  satisfactory 
completion  of  PT-207,  direct  the  student  to  C3ABR42331-WB-207,  Bomber  Air 
Conditioning  System  Wiring  Diagram.    The  instructor  will  ensure  that  all  training 
equipment  used  oy  the  student  is  turned  in  and  properly  stored.    Where  feasible 
shut  off  equipment  to  conserve  energy.    Ensure  student  complies  with  safety 
practices  lAW  applicable  AFOSH  standards. 
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PLAN  OF  IHSTRUCTIOH/LESSON  PLAN  PART  I 


NAMEOF  INSTRUCTOR  |    COURSE  TITLE 

 4iycMft  Eavlroamental  Systems  Mschanlc 


SLOCK  TITLE  ' 

Air  Conditioning  Systems 

1.                                                          COURSE  OONTENT 

Z  TIME 

8.     Cargo  Bleed  Air  and  Antl-Iclng  System 

a.  Relate  a  minimum  of  eight  out  of  ten  cargo  bleed  air  system 
components  to  their  operation.    StS:    15a   Meas:  PC 

b.  Relate  a  minimum  of  eight  out  of  ten  cargo  bleed  air  antl- icing 
system  components  to  their  operation.    STS:    17a (5)    Meas:  PC 

c«     Using  a  wiring  cllagram»  specify  the  causes  for  a  minim  im  of 
four  out  of  five  antl- icing  system  circuit  troubles.    STS:    17d   Meas:  PC 

• 

18 
(3) 

(6) 

(9) 

SUPERVISOR  APPROVAL  OP  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  BLOCK 

C3ABR42331  000  II 

UNIT  DATE 

8              6  July  1983 

PAGE  NO. 

69 

ATC  j^f/^e     133  previous  eoitiom  ob»l?te 


74 


COURSE  CONTEHT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-208,  Cargo  Aircraft  Engine  Bleed  Air  System 
C3ABR42331-PT-208A,  Wing  and  Onpennage  Antl-Iclng  System 

Training  Methods 
Self-Instruction  (9  hrs) 
Performance  (9  hrs) 

Instructional  Guidance 

The  Instructot  :*111  Issue  programmed  text  and  training  equipment  to  each 
student.    Each  svident  must  satisfactorily  accomplish  each  objective  before 
he/she  can  proceed  to  the  next  unit  of  Instruction.    The  instructor  will 
ensure  that  all  training  equipment  used  by  the  student  Is  turned  in  and 
properly  stored.    When  feasible,  shut  off  operating  equipment  to  conserve 
energy. 
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PLAN  OF  INSTRUCTION/LESSON  PLAM  PART  I 


NAME  OF  INSTRUCTOR 


COURSE  TITUE 

^Lrcraft  Environmental  Systems  Mechanic 


BLOCK  TITUE 

Air  Conditioning  Systems 


1. 


COURSE  CONTENT 


2.  TIME 


9.     Cargo  Air  Conditioning  System 

a.  Relate  eight  out  of  ten  cargo  air  conditioning  system  components 
to  their  operation.    STS:    16a(3)    Meas:  PC 

b.  Relate  eight  out  of  ten  mercury  thermostat  temperature  control 
system  components  to  their  operation.    STS:    13a (2)    Meas:  PC 

c.  Using  a  wiring  diagram,  specify  the  symptoms  for  ten  cargo 
air  conditioning  system  electrical  troubles.    A  minimum  of  eight  must  be 
correct.    STS:    16d(l)    Meas:  PC 

d.  Using  a  wiring  diagram  and  multimeter,  troubleshoot  the  cargo 
air  conditioning  system  trainer  locating  a  minimum  of'  three  out  of  four 
troubles  correctly.    STS:    l6d(l)    Meas:  PC 


22 
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COURSE  COHTEMT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student .  Instructional  HatejtlBls. 
C3ABR42331-PT-209,  Cargo  Air  Condltibnlhg  Statem 
C3ABR42331-PT-209A,  Itercury  Thermostat  Temperature  Control  System 
C3ABR42331-WB-209,  Cargo  Air  Condltlo^\lng  System  Wiring  Diagram 
C3ABR42331-WB-i09Ai  Cargo  Air  Conditioning  System  Troubleshooting 

Audio  Visual  Aids 

Transparency,  CT  73-260,  Mercury  Thermostat  System 
Training  Equipment 

Trainer  3021,  Cargo  Air  Conditioning  System  (1) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (7  hrs) 
Performance  (15  hrs) 

^Itiple  Instructor  Requirements 
Supervision,  Equipment  (4) 

Instructional  Guidance 

The  instructor  will  issue  workbook  and  training  equipment  to  each  student. 
Each  student  must  satisfactorily  accomplish  the  objectives  before  he/she  can 
proceed  to  the  next  unit  of  instruction.    The  instructor  will  ensure  that  all 
training  equipment  used  by  the  student  is  turned  in  and  properly  stored. 
Ensure  student  complies  with  safety  practices  lAW  applicable  AFOSH  standards. 
Turn  off  all  power  when  applicable  to  conserve  energy  and  resources. 

10     Military  Ttaining  7 

a.  Physical  Conditioning  (6) 

b.  Commander ^s  Call  (1) 
11.    Written  Test  and  Critique  1.5 
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PLAM  OF  iHSTRUCTIOH/LESSON  PLAN  PART  I 


NAMEOF  INSTRUCTOR 


BLOCK  TITLE 

Environmental  Systems  Units 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mechanic 


1. 


COURSE  CONTENT 


Z  TIME 


!•     Maintenance  Management 

a.  Identify  the  functions  and  responsibilities  of  the  Deputy 
Commander  for  Maintenance  (DCM)  by  answering  a  minimum  of  four  of  five 
questions  correctly*    STS:    6ja   Meas:  PC 

b.  Identify  the  basic  functions  of  the  DCM*s  staff  by  answering 
a  minimum  of  eight  of  ten  questions  correctly.    STS:    6b    tfeas:  PC 

c.  Identify  facts  relating  to  maintenance  data  collection  by 
answering  a  minimum  of  four  of  five  questions  correctly.    STS:  i6c 
Meas :  PC 

d.  Identify  facts  for  processing  and  controlling  material  with 
100%  accuracy.    STS:    6d    Meas:  PC 

e.  Given  a  narrative  problem  and  applicable  technical  orders, 
correctly  complete  AFTO  Forms  349,  350  and  781A.    This  will  be  done  with 
a  maximum  of  two  Instructor  assists  per  form.    STS:    7d    Meas:  PC 

f .  State  general  principles  of  the  maintenance  system  by 
answering  a  minimum  of  eight  of  ten  questions  correctly.  STS: 
Meas :  PC 

g.  State  general  principles  of  the  Inspection  system  by  answering 
a  minimum  of  eight  of  ten  questions  correctly.    STS:    7b    Meas:  PC 
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PAGE  NO. 
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78 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

ATCPT  52-1,  Volume  1,  Organisation  and  Functions 

ATCPT  52-1,  Volume  2,  Aircraft  Inspection  and  Maintenance  System 

ATCPT  52-1,  Volume  3,  Data  Collection  System 

ATCPT  52-1,  Volume  4,  Reference  Materials 

ATCPT  52-1,  Volume  5,  Student  Response  Booklet 

AFTO  Form  349,  Maintenance  Data  Collection  Record 

AFTO  Form  350,  Repairable  Item  Processing  Tag 

Training  Methods 
Self-Instruction  (13  hrs) 
Performance  (2  hrs) 

Instructional  Guidance 

Insure  that  AFTO  Forms  349  and  350  are  available  for  student  use  after 
completing  Volume  3.    When  the  349  and  350  forms  have  been  completed,  the 
student  will  turn  them  in  to  be  used  for  a  progress  check.    Observe  the 
students  during  class  and  Insure  they  have  completed  all  subject  matter 
material  before  testing.    Answer  any  questions  that  may  arise*    An  Instructor 
assist  Is  defined  as  limited  aid  such  as  technical  direction  or  explanation 
aud/or  technical  order  interpretation  given  to  a  student  who  can  progress 
no  further  on  his/her  own.    Turn  off  all  power  when  applicable  to  conserve 
energy  and  resources. 

When  a  group  of  students,  5  or  more,  are  experiencing  difficulty  with  this 
material  and  the  instructor  supervisor  feels  that  individual  assistance  would 
cause  a  backlogging  of  students,  group  pace  will  be  used. 


POX  C3ABR42331  000 
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PLAN  OF  IMSTRUCTION/LESSON  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


OOURSE  TITLE 

Aircraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Environmental  Systems  Units 


t. 


COyRSE  CONTENT 


1  fiKit 


2.     Technical  Order  Publication  Systems 

a.  State  general  principles  of  the  technical  order  syste^  by 
answering  a  minimum  of  eight  of  ten  questions  correctly.    SIS:  ^ 
Meas:  PC 

b.  Using  applicable  technical  manuals,  locate  selected  items  of 
information  for  performing  maintenance  with  a  maximum  of  four  instructor 
assists.    SIS:    4b (1)    Meas:  PC 

c.  Determine  procedural  insti^uctions  contained  in  time  compliance 
technical  orders  by  answering  a  minimum  of  eight  of  ten  questions 
correctly.    STS:    4c   Meas:  PC 

d.  Identify  conditions  that  would  require  the  initiation  of  a 
technical  order  improvement  report  answering  a  minimum  of  four  of  five 
questions  correctly.    STS:    4e   Meas:  PC 
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PREVIOUS  EDITION  OBSOLETE 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-302,  Introduction  to  the  Technical  Order  System 

Technical  Order  System  Indexes  and  Manuals 
C3ABR42331-PT-302B,  Technical  Manuals  (GA,  MS,  TS  &  JG) 
C3ABR42331-WB-302,  TO  System  Indexes  and  Manuals 

Training  Equipment 
Training  Technical  Order  (1) 

Trainint^  Methods 
Self-Instruction  (6  hrs) 
Performance  (3  hrs) 

Instructional  Guidance 

The  iPf,tructor  will  ensure  that  all  technical  orders  are  properly  signed  out 
and  returned  to  the  training  file  In  good  repair.    Observe  the  students  during 
class  and  Insure  they  have  completed  all  subject  matter  before  testing.  Answer 
any  questions  that  may  arise.    -Rirn  off  all  power  when  applicable  to  conserve 
energy  and  resources. 
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PLAN  OF  INSTRUCTION/LESSON  PLAM  PART  I 


NAME  OF  INSTRUCTOR 


ooi|tise  TiTi-e 

Aircraft  Eavlroimcntal  Systems  Mechanic 


BLOCK  TITLE 

Environmental  Systems  Units 


COURSE  CONTENT 


1  TIME 


3«     Tools,  Hardware,  Safe  tying  Devices,  and  Wire  Repair 

a.     Relate  maintenance  tools  to  their  proper  uses  by  answering  a 
minimum  o£  eight  of  ten  questions  correctly*    STS:    8a   Meas;  PC 

b«     Using  a  trainer,  applicable  handtools,  and  workbook,  torque 
aircraft  type  nuts  according  to  specified  values*   ^STS:    8a   Meas:  PC 

c*     State  the  correct  purpose  of  the  consolidated  toolkit  (CTK) 
program*    STS:    8d   Meas:  PC 

d.     Using  mechanical  safetylng  devices,  trainer,  workbook,  and 
applicable  handtools,  safety  bolts,  clamps  and  connectors  to  TO 
specifications*    STS:    8b,  8c   Meas:  PC 

e*     Specify  general  principles  reuvlng  to  the  use  of  general 
purpose  electrical  hardware*    A  alnlmuL.      eight  of  ten  must  be  corrects 
STS:    lOd(l)    Meas:  PC 

f «     Using  a  trainer,  workbook,  applicable  tools  and  equipment, 
solder  wire  to  connectors  and  Install  electrical  wiring  lAW  TO  l-lA-14* 
STS:    10d(2),  10d(3)    Meas:  PC 
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PREVIOUS  EDITION  OBSOLETE 


82 


SUPPORT  MATERD.  J  AND  GUIDANCE 


Student  Instructional  Materials 
C3ABR42331-PT-303,  Maintenance  Tools 
C3ABR42331-WB-303,  Torque  Wrench  Performance 
C3ABR42331-PT-303A,  Aircraft  Hardware 

C3ABR42331~WB-303A,  Safe tying  Methods,  Procedures  and  Devices 
C3ABR42331-PT-303B,  General  Purpose  Connectors,  Bonding,  Shielding  and 
Grounding 

C3ABR42331-WB-303B,  Wiring  Maintenance 

TO  l-lA-8,  Aircraft  Structural  Hardware 

TO  l-lA-14,  Aircraft  Electric  and  Electronic  Wiring 

Audio  Visual  Aids 

Film  AVA  503,  Soldering  and  Soldering  Iron  Preparation 
Film  AVA  505,  Stripping  and  Crimping 

Training  Equipment 

Trainer  4059,  Torque  Wrench  Application  (1) 

Trainer  2301,  Safetywire  (1) 

Trainer  4435,  Wiring  Maintenance  (1) 

Torque  Wrench  (1) 

Soldering  Iron  (1) 

Applicable  Handtools  (1) 

Display  Boxes: 

4115,  Aircraft  Bolts  (1) 

4116,  Aircraff:  Fittings  (1) 

4117,  Aircraft  Fasteners  (1) 

4118,  Pliers  (1) 

4119,  Wrench  (1) 

4120,  Sockets  (1) 

4121,  Hammer  (1) 

Training  Methods 
Self-Instruction  (9  hrs) 
Performance  (12  hrs) 

Instructional  Guidance 

The  instructor  will  give  each  student  an  orientation  relative  to  laboratory 
procedures  and  will  conduct  individual  assistance  as  required.    Students  are 
required  to  use  wire  maintenance  trainers,  safety  wire  trainers,  soldering 
equipment,  and  torque  wrenches  to  complete  assigned  projects.    The  instructor 
guides  and  assists  the  students  and  performs  progress  checks.    T^m  off  all 
power  when  applicable  to  conserve  energy  and  resources. 
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PLAN  OF  INSTRUCTiONA.ESS0N  PLAN  PART  1  1 

NAmE  6  F  INSTRUCTOR 

1    COURSE  TITLE  | 

1  Aircraft  Environmental  Systems  Mechanic 

BLOCK  TITLE 

Eavlronmeatal  Systems  Units 

t.                                                         COURSE  CONTENT 

i  Hut 

4.     Maintenance  of  Mois.ture  Separators 

a.  Relate  components  of  the  moisture  separator  to  their  operation 
by  answering  a  minimum  of  eight  of  ten  questions  correctly.    STS:  16a(3) 
Meas :  PC 

b.  Using  a  TO,  applicable  hand tools,  AFTO  Forms  349,  and  equipment 
disassemble.  Inspect,  and  reassemble  a  moisture  separator  with  a  maximum 
of  four  Instructor  assists.    STS:    4b(l),  4b(2),  7c    Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

C3ABR42331-PT-304,  Operation  of  an  Aircraft  Air  Conditioning  System  Moisture 
Separator 

C3ABR42331~WB-304,  Maintenance  of  Moisture  Separators 
AFTO  Form  349,  Maintenance  Data  Collection  Record 
TO  1C-130A-06,  Work  Unit  Code  Manual 
TO  15A7-2-11-3,  Moisture  Separator 

Training  Equipment 
Moisture  Separator  (1) 
Applicable  Handtcols  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (2  hrs) 

Instructional  Guidance 

The  laboratory  instructors  will  provide  assistance  on  an  individual  basis 
as  required  and  ensure  that  each  objective  is  accomplished.    An  instructor 
assist  is  defined  as  limited  aid  such  as  technical  direction  or  explanation 
and/or  technical  order  interpretation  given  a  student  who  can  proceed  no 
further  on  his/her  own.    Turn  off  all  power  when  applicable  to  conserve  energy 
and  resources. 
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NAM£OF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Environmental  Systems  Units 


I    COURSE  TITLE  || 

[Aircraft  Environmental  Systems  Mechanic  || 


1. 


COURSE  CONTENT 


2.  TIME 


5.     Maintenance  of  Bleed  Air  Distribution  Ducting 

a.  Determine  procedures  for  repairing  bleed  air  duct  insulation 
by  answering  a  minimum  of  four  of  five  questions  correctly.  STS:  15h 
Meas:  PC   

b.  Identify  methods  used  to  slow  corrosion  on  bleed  air  ducting 
by  answering  a  minimum  of  four  of  five  questions  correctly.  STS:  10a 
Meas :  PC 

c.  Relate  types  of  cleaning  agents  and  lubricants  to  their  uses 
by  answering  a  minimum  of  four  of  five  questions  correctly.  STS:  10b 
Meas :  PC 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-305,  Maintenance  of  Bleed  Air  Distribution  Ducting 

Training  Equipment 
Aircraft  Ducting  (1) 

Training  Methods 
Self-Instruction  (2  hrs) 
Performance  (1  hr) 

Instructional  Guidance 

The  Instructor  will  make  sure  the  PT  and  section  of  aircraft  ducting  are 
available  for  the  student  to  use.    Observe  student •s  progress  on  the 
objectives  and  provide  Individual  assistance  as  necessary.    Answer  any 
questions  that  may  arise.    TUm  off  all  power  When  applicable  to  conserve 
energy  and  resources. 
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PLAN  OF  IMSTRUCTIOH/LESSOH  PLAN  PART  1  1 

Aircraft  Environmental  Svstems  Mechanic 

BLOCK  TITLE 

Environmental  Systems  Units 

1                                                           COURSE  CONTENT 

Z  TIME 

6»     Air  Turbine  Motor  Maintenance 

3 

a.      State  general  principles  relating  to  the  operation  of  the  air 
turbine  motor  by  answering  a  minimum  of  eight  of  ten  questions  correctly. 
STS:    19j9L  Meas:  PC 

b.      Given  applicable  workbook,  AFTO  forms,  TO,  and  necessary 
equipment,  perform  a  minor  Jncpection  of  the  air  turbine  motor, 
locating  a  minimum  of  two  discrepancies,  with  a  maximum  of  four 
instructor  assists.    STS:     19b    Meas:  PC 

*c.      Given  a  workbook,  AFTO  forms,  TO,  and  necessary  equipment, 
and  using  a  source  of  hot  pressurized  air,  perform  an  operational 
check  on  the  air  turbine  motor  with  a  maximum  of  four  instructor 
assists.    STS:    3d,  19c   Meas:  PC 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Iristructlonal  Materials 

C3A3RA2?3l^PT-306,  Air  Turbine  Motors 

C3ABR42331-WB-306,  Maintenance  of  Air  Turbine  Motors 

TO  1C-130A-06,  Work  Unit  Code  Manual 

AFTO  Form  26,  Inspection  Workcard 

AFTO  Form  349,  Maintenance  DaU  Collection  Record 

Training  Equipment 
Ear  Protectors  (1) 
Air  Turbine  Motor  (2) 
Head  Set,  Microphone  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (2  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  in  class  and  Insure  subject 
material  is  compl<rced  before  testing.    Answer  any  questions  that  may  arise. 
The  laboratory  Instructor  will  orient  each  student  to  the  laboratory  situation, 
and  brief  students  on  safety  hazards  and  precautions  and  conservation  of 
energy  and  materials.    Stress  danger  areas  When  vorking  with  hot  compressed 
air.    Also,  insure  that  each  student  has  est  protectors  when  working  in  high 
intensity  noise  areas.    Observe  student's  performance  while  completing  the  workbook 
and  provide  individual  assistance  as  required.    Have  students  record  work  on 
maintenance  data  forms.    Assure  each  objective  Is  covered.    An  Instructor 
assist  is  defined  as  limited  aid  such  as  technical  direction  or  explanation 
and/or  technical  order  Interpretation,  given  to  a  student  who  can  progress  no 
further  on  his/her  own.    '2am  off  all  power  when  applicable  to  conserve  energy 
and  resources. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  1 

NAME  OF  INSTRUCTOR 

COURSE  TITLE  1 

Aircraft  Environmental  S^^stems  Mechanic 

BLOCK  TITLE 

Environmental  Systems  Units 

t.                                                          COURSE  CONTENT 

Z  TIME 

7.     Advanced  Fighter-Bomber  Air  Source  Control  System 

a.  Relate  components  of  the  advanced  flghter-homber  air  source 
control  system  to  their  operation  by  answering  a  minimum  of  eight  of 
ten  questions  correctly*    STS:    15a   IteL^t  PC 

b.  Given  an  advanced  fighter-bomber  air  source  wiring  diagram, 
relate  components  to  their  operation  by  Identifying  causes  of  system 
malfunctions*    A  minimum  of  eight  of  ten  must  be  correct*    STS:    15a,  3d 
Meas:  PC 

c.  Given  the  applicable  wiring  diagram,  workbook,  TO,  AFTO  forms, 
and  multimeter,  and  working  In  a  group  of  not  more  than  two  students, 
troubleshoot  malfunctions  on  the  advanced  fighter-bomber  air  source 
control  system  trainer,  locating  the  cause  for  three  of  four  malfunctions 
correctly.    STS:    15d   Meas:  PC 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-307,  Advanced  Fighter/Bomber  Air  Source  Control  System 
C3ABR42331-WB-307,  Advanced  Fighter/Bomber  Air  Soruce  Control  System 

Operational  Check  and  Troubleshooting 
C3ABR42331-WB-307A,  Advanced  Fighter/Bomber  Air  Source  Control  System 
TO  1F-111A-06,  Work  Unit  Code  Manual 

AFTO  Form  781A,  Maintenance  Discrepancy  and  Work  Document 
AFTO  Form  349,  Maintenance  Data  Collection  Record 

Training  Equipment 

Trainer  4024,  Advanced  Fighter/Bomber  Air  Conditioning  System  (1) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (1.5  hrs) 
Performance  (9.5  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  in  class  and  Insure  subject 
material  Is  completed  before  testing.    Answer  any  questions  that  may  arise. 
The  laboratory  instructor  will  orient  each  student  to  the  laboratory  situation 
and  brief  the  students  on  safety  hazards  and  precautions  and  conservation  of 
energy  and  materials.    Observe  students  performance  while  completing  the 
workbook  and  provide  Individual  assistance  as  required.    Have  students  record 
work  on  maintenance  data  forms.    Assure  each  objective  Is  covered.    Twcn  off 
all  power  when  applicable  to  conserve  energy  and  resources. 
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NAki^  6  F  INSTRUCTOR 

lAlrcraft  Environmental  Systems  Mechanic 

BLOCK  TITLE 

Environmental  Systems  Units 

t. 

COURSE  CONTENT 

1  TIME 

PLAN  OF  mSTRUCTION/LESSON  PLAN  PART  J 


8.     Advanced  Fighter-Bomber  Air  Conditioning  System 

a.     Relate  components  of  the  advanced  fighter- bomber  air 
conditioning  system  to  their  operation  by  answering  a  minimum  of  eight  of 
ten  questions  correctly.    STS:    16a (2)    Keas:  PC 

b*     Given  an  advanced  fighter-bomber  air  conditioning  system 
wiring  diagram,  relate  components  to  their  operation  by  Identifying 
riuses  of  system  malfunctions.    A  minimum  of  eight  of  ten  must  be 
correct.    STS:    13e(l),  16a(2)    Meas:  PC 

c.     Given  the  applicable  wiring  diagram,  AFTO  forms,  workbook,  and 
multimeter,  and  working  in  a  group  of  not  more  than  two  students, 
troubleshoot  malfunctions  on  the  advanced  fighter-bomber  air  conditioning 
system  trainer  by  locating  the  cause  for  three  of  four  malfunctions 
correctly.    STS:    13e(l)    Meas:  PC 

*d.     Given  workbook,  AFTO  forms,  TO,  equipment,  and  source  of  hot 
pressurized  air,  and  working  in  a  group  of  not  more  than  two  students, 
perform  an  operational  check  on  the  air  conditioning  system  of  the  CT-5 
air  conditioning  system  trainer  with  a  maximum  of  four  instructor  assists 
STS:    3d,  151,  16c    Meas:  PC 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instruct loaal  Materials 

C3ABR42331-PT-309,  Fighter/Bomber  Air  Conditioning  System 
C3ABR42331-WB-309,  Component,  Identification,  Operational  Check  and 
Tr  oubleshoo  ting 

C3ABR42331-WB-309A,  Fighter/Bomber  Temperature  Control  Wiring  Diagram 
TO  lF-llU-06  ^ 

Training  Equipment 

Trainer,  4024,  Advanced  Fighter/Bomber  Air  Conditioning  System  (2) 

Trainer  CT5,  Bivlronmental  Systems  (2) 

Ear  Protectors  (1) 

Multimeter  (1) 

Head  Get,  Microphone  (1) 

Training  Methods 
Self-Instruction  (4  hrs) 
Performance  (11  hrs) 

Instructional  Guidance 

The  classroom  Instructor  will  observe  students  In  class  and  insure  subject 
material  is  completed  before  testing.    Answer  any  questions  that  may  arise. 
The  laboratory  instructor  will  orient  each  student  to  :he  laboratory  situation, 
and  brief  students  on  safety  hazerds  and  precautions  and  conservation  of 
energy  and  materials.    Stress  danger  areas  when  working  with  hot  compressed 
air.    Also,  ensure  that  each  student  has  ear  protectors  when  working  in  high 
intensity  noise  areas.    Observe  students  performance  while  completing  the 
workbooks,  and  provide  individual  assistance  as  required.    Have  students  record 
work  on  maintenance  data  forms.    Assure  each  objective  is  covered.    Turn  off 
all  power  when  applicable  to  conserve  energy  and  resources. 

9.     Written  Test  and  Critique  2 
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NAME  OF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 


BLOCK  TITLE 

Environmental  Systems  Units 


COURSE  TITLE 

rcraft  Environmental  Systems  Mechanic 


COURSE  CONTEHT 


irfSr 


10.    Advanced  Fighter-Bomber  Windshield  Clearing  System 

a*     Relate  advanced  flghter^-bomber  rain  remover  system  components 
to  their  operation  by  answering  a  minimum  of  eight  of  ten  questions 
correctly.    STS:    17a{4)    Meas:  PC 

b.  Given  an  advanced  fighter-bomber  rain  removal  system  wiring 
diagram,  relate  components  to  their  operation  by  Identifying  causes  of 
system  malfunctions.    A  minimum  of  eight  of  ten  must  be  correct. 
STS:    17a(4),  17d   Meas:  PC 

c.  Given  the  applicable  wiring  diagram,  workbook,  TO,  AFTO  forms, 
multimeter,  and  working  In  a  group  of  not  more  than  two  students, 
troubleshoot  malfunctions  on  the  advanced  flghter^-bomber  rain  removal 
system  trainer  by  locating  the  cause  for  a  minimum  of  three  of  four 
malfunctions  correctly.    STS:    17d   Meas:  PC 


10 


(1) 


(5) 
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SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

ERIC 
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BLOCK 
III 


UNIT 


10 


DATE 


6  July  1983 


Previous  edition  obsolete 

94  . 


PAGE  NO. 

89 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-310,  Fighter/Bomber  Windshield  Clearing  System 
C3ABR42331-WB-310,  Advanced  Fighter/Bomber  Windshield  Clearlcg  System 
C3ABR42331-WB-310A,  Fighter/Bomber  Windshield  Clearing  System 
AFTO  Form  781A,  Maintenance  Discrepancy  and  Work  Document 
AFTO  Form  349,  Maintenance  Data  Collection  Record 
TO  lF-niA-06 

Training  Equipment 

Trainer  4024,  Advanced  Fighter/Bomber  Air  Conditioning  System  (1) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (9  hrs) 

Instructional  Guidance 

The  classroom  Instructor  will  observe  students  in  class  and  insure  subject 
material  is  completed  before  testing.    Answer  any  questions  that  may  arise. 
The  laboratory  instructor  will  brief  each  student  on  safety  hazards  aud 
precautions  and  conservation  of  energy  and  materisla.    Observe  students 
performance  while  completing  the  workbooks  and  provide  individual  assistance 
as  required.    Have  students  record  work  on  maintenance  data  collection 
forms.    Assure  each  objective  is  covered.    TXirn  off  all  power  when  applicable 
to  conserve  energy  and  resources. 
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PLAN  OF  INSTBUCTIONA.ESSON  PLAN  PAKT I 


NAME6FlNSTmJCT0R 


COURSE  TITL  E  I 

Aircraft  Envirotoaental  Systems  Mechanic 


BLOCK  TITLE 

Environmental  Systems  Units 


I. 


COURSE  COHTDIT 


11.    Malnten^.nce  of  Air  Control  Units 

a.  State  the  principle  of  air  flow  measurement  with  lOOZ  accuracy* 
STS:    Uf   Meas;  PC 

b.  Relate  components  of  selected  air  control  units  to  their 
operation  by  answering  a  minimum  of  eight  of  ten  questions  correctly. 
STS:    15a   Meas:  PC 

c.  Given  the  electric /pneumatic  components  tester,  applicable 
handtools,  TO,  workbook,  AFTO  forms,  and  working  in  a  group  of  not  mare 
than  two  students,  bench  check  selected  air  control  units  with  a  maximum 
of  two  Instructor  assists  for  each  unit  checked.    S!f!S:    14c,  15g 

Meas:  PC 

d.  Relate  components  of  the  air  flow  control  and  shut  off  valve  to 
their  principles  of  operation  by  answering  a  minimum  of  eight  of  ten 
questions  correctly.    STS:    lie   Heas:    PC  (W) 

e.  Given  the  electric«-pneumatlc  component  tester,  applicable 
hand  tools,  AFTO  forms,  TO,  and  workbook,  and  working  In  a  group  of  not 
mote  than  two  students,  bench  check  and  repair  an  air  flow  control  and 
shutoff  valve  with  a  maximum  of  two  Instructor  assists.    STS:    16g,  16h 
teas:    PC  (P) 


14 
(?) 

(2) 
<4) 


(3) 


SUPERVISOR  APPROVAL  OF  LESSOM  FLAW 


SIGNATURE  AND  DATE 


POt  NUMe£^ 
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UNIT 
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PREVIOUS  EDITION  OBSOLETE 


COURSE  CONTE!IT 


SUPPORT  MATERIALS'  AND  GUIDANCE 

Student  Instructional  ffaterials 
C3ABR42331-PT-311,  Air  Control  Valves 

C3ABR42331-PT-311A,  Principles  of  Airflow  Control  and  Shntof f  Valve 

C3ABR42331-WB-311,  Bench  Testing  Electric  Motor  Actuated  Valves 

C3ABR42331-WB-311A,  Airflow  Control  and  Shutoff  Valve 

AFTO  Form  349,  Maintenance  Data  Collection  Record 

AFTO  Form  350,  Repairable  Item  Processing  Tag 

TO  1B-52G-06,  Work  Unit  Code  Manual 

TO  1C-130A-06,  Work  Unit  Code  Manual 

TO  9P5-5-59-43,  Two  and  One-Half  Inch  Diameter  Pneumatic  Shutoff  Valve 
TO  9P5-14-3-3,  Two  and  One-Half  Inch  Diameter  Shutoff  Air  Flow  Regulator 
TO  15A2-2-20-193,  TWo  and  One-Half  Inch  Diameter  Shutoff  Air  Flow  Regulator 
TO  15A2-2-52-83,  Motor  Actuated  Butterfly  Shutoff  Valve  Assembly 
TO  15A2-2-92-3,  Power  Operated  Butterfly  Valve 

Training  Equipment 

Trainer  3038,  Electric /Pneumatic  Component  (1) 
Applicable  AJLrcraft  Valves  (1) 
Applicable  Handtools  (1) 
Multimeter  (1) 

Training  Methods 

Self- Instruction  (7  hrs) 

Performance  (7  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  during  class  and  provide 
individual  assistance  as  required.    Ensure  subject  material  is  completed 
before  testing  and  answer  any  questions  that  may  arise.    Assure  that  the 
objectives  are  covered.    The  laboratory  instructor  will  orient  the  students 
to  the  laboratory  situation  and  brief  them  on  safety  hazards  and  precautions, 
Provide  individual  assistance  as  required  and  assure  objectives  are  covered. 
An  Instructor  assist  is  defined  as  limited  aid  such  as  technical  direction 
or  explanation  and/or  technical  order  interpretation,  given  to  a  student  who 
can  progress  no  further  on  his  own.    Turn  off  all  power  when  applicable  to 
conserve  energy  and  resources. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


CX)URSE  TITLE 

Aircraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Environmental  Systems  Units 


1. 


COURSE  CONTENT 


1  TiMfe 


12.    Antl-G  Suit  System 

a*  Relate  components  of  antl-G  suit  valve  to  their  operation  by 
answering  a  minimum  of  eight  of  ten  questions  correctly.  STS:  17a(l) 
Meas:  PC 

b.     Given  a  ground  laboratory  test  kit,  electric/pneumatic 
component  tester,  applicable  handtools,  TO,  and  workbook,  and  working 
in  a  group  of  not  more  than  two  students,  bench  check  and  repair  an 
antl-6  suit  valve  with  a  maximum  of  two  Instructor  assists*    STS:  17g, 
17h    Mea&:  PC 


SUPERVISOR  APPROVAL  OP  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER 

C3ABR42331  000 


ERIC 


BLOCK 
III 


UNIT 
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DATE 
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PAGE  NO, 
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PREVIOUS  EDITION  OBSOLETE 


Qfi 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
C3ABR42331-PT-3.12,  Principles  of  Antl-G  System 
C3ABR42331-WB-312,  Maintenance  of  Antl-G  Suit  Valve 
TO  9P5-3-12-3,  Antl-G  Suit  Valve 

Training  Equipment 

Trainer  4058,  Antl-G  Suit  Valve  (1) 

Trainer  3038,  Electric-Pneumatic  Component  (1) 

Test  Kit  P/N  10670,  Ground  Laboratory  (1) 

Applicable  Hand tools  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (1  hr) 

Instructional  Guidance 

The  classroom  Instructor  will  Insure  that  the  cutaway  display  of  the  antl-G 
suit  valve  Is  available  for  student  use.    Provide  Individual  assistance  as 
required  and  insure  subject  material  Is  completed  before  testing.    Answer  any 
questions  that  may  arise.    Assure  that  the  objective  Is  covered.  The 
laboratory  instructor  will  brief  students  on  safety  hazards  and  precautions, 
and  provide  Individual  assistance  as  required,  and  assure  the  objectives  are 
accomplished.    An  Instructor  assist  Is  defined  as  limited  aid  such  as 
technical  direction  or  explanation  and/or  technical  order  interpretation,  given 
a  student  who  can  proceed  no  further  on  his/her  own.    TvLvn  off  all  power  when 
applicable  to  conserve  energy  and  rasources. 
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PL  AM  OF  IMSTRUCTION/LESSON  PLAN  PART  I 


NAMEOF  INSTRUCTOR 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  TITLE 

Environmental  Systems  Units 


1. 


COURSE  CONTENT 


Z  TIME 


13.    Canopy  Seal  System  . 

a.     Relate  components  of  the  canopy  seal  pressurlzatlon  system  to 
their  operation  by  answering  a  mlnlmtim  of  eight  of  ten  questions  corrcctljr 
STS:    17a(2)    Meas:  PC 

b*     Given  the  electric /pneumatic  component  tester,  applicable 
handtools,  TO,  and  workbook,  and  working  In  ^  group  of  not  more  than  two 
students,  bench  check  and  repair  a  canopy  seal  pressure  regulator  with 
a  maximum  of  two  Instructor  assists.    STS:    17g,  17h   Keas:  PC 


SUPERVISOR  APPROVAL  QP  LgSSOM  FLAK 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


ERLC 


POl  NUMBER 
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UNIT 
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PREVIOUS  EDITION  OBSOLETE 

ICO 


SUPPORT  MATERIALS  AND  GDIDANCE 


Student  Ing tract lonal  Materials 
C3ABR42331-PT-313,  Canopy  Seal  System 
C3ABR42331-WB-313,  Maintenance  of  Canopy  Seal  Regulators 

TO  16R1-4-2-3,  Overhaul  Instructions  with  Illustrated  Parts  Breakdown  Canopy 
Seal  Pressure  Regulator 

Training  Equipment 

Trainer  3038,  Electric-Pneumatic  Component  (1) 
Canopy  Seal  Regulator  (1) 
Applicable  Handtools  (1) 

Training  Methods 
Self- Instruction  (1  hr) 
Performance  (3  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  during  class  and  provide 
individual  assistance  as  required.    Ensure  subject  material  is  completed 
before  testing.    Assure  the  objective  is  covered.    The  laboratory  instructor 
will  insure  safety  precautions  are  followed  and  provide  Individual  assistance 
when  necessary.    An  instructor  assist  is  defined  as  limited  aid  such  as  technical 
direction  or  explanation  and/or  technical  order  Interpretation,  given  to  a 
student  who  can  progress  no  further  on  his/her  own.    Turn  off  all  power  when 
applicable  to  conserve  energy  and  resources. 
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NAMEOF  INSTRUCTOR 


PLAN  OF  INSTRUCTIONA-ESSON  PLAN  PART  I 


COURSE  TITLC 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  Title 

Environmental  Systems  Units 


1. 


COURSE  GQNTEHT 


Z  TIME 


14.    Pressurlzatlon  Systems 

a.  Relate  the  components  of  the  pressurlzatlon  system  to  their 
operation  by  answering  a  minimum  of  eight  of  ten  questions  correctly. 
STS:    18a   Meas:  PC 

b.  Relate  components  of  a  pneumatic  control  circuit  to  their 
operation  by  answering  a  minimum  of  four  of  five  questions  correctly. 
STS:    13b   Meas:  PC 

c.  Identify  procedures  used  to  troubleshoot  a  pneumatic  control 
circuit  by  answering  a  mlnliaum  of  four  of  five  questions  correctly. 
STS:    13e(2)    Meas:  PC 


15 
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(3) 


SUPERVISOR  APPROVAL  OP  LESSON  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


PCI  NUMBER 

C3ABR42331  000 


BLOCK 
III 


UNIT 


14 


DATE 


6  July  1983 


JUN  78 


133 


PREVIOUS  eoiTlOH  OBSOLETE 


102 


PAGE  NO. 
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COURSE  CONTENT 


SUPPORT  MATERULS  AND  GUIDANCE 

Student  Instructional  MaterUls 
C3ABR42331-PT-314,  Pressuriwition  Principles 
C3ABR42331-PT-314A,  Pneumatic  Control  Circuits 
C3ABR42331-HO-314,  Troubleshooting  Pneumatic  Control  Circuits 

Audio  Visual  Aids 

Film  LFC  4212,  Pressurization  Principles 

Film  LFC4213,  Bomber  Aircraft  Pressurization  Systems 

Film  LFC  4233,  Fighter  Pressure  Regulator 

Training  Methods 
Self-Instruction  (15  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  tell  the  students  to  wixtch  training  filia  LFC  4212 
?^^°yo,?!^*        v^'^""'^***^'"'  principles  and  to  vatch  films  LFC  4213  and 
m  before  they  start  each  new  PT  on  bomber  and  fighter  pressurization. 
The  instructor  will  ensure  all  necessary  material  Is  available  for  student 
use.    He/she  will  observe  students  in  class  and  insure  subject  material  is 
completed  before  testing.    Attswer  any  questions  that  may  arise.    Turn  off  all 
power  when  applicable  to  conserve  energy  and  resources. 


• 


POI  C3ABR42331  000  6  July  1983 


103 


98 


ERIC 


PLAN  OF  INSTRUCTIONA.ESSON  PLAM  PART  I 


NAMEOF  INSTRUCTOR 


BLOCK  TITLE 

Environmental  Systetas  Units 


COURSE  TITLE 

Aircraft  Environmental  Systems  Hschanlc 


1. 


COURSE  CONTENT 


15*    Cabin  Pressure  Leakage  Check 

a.  Given  the  applicable  TO  and  workbook,  relate  the  controls  on 
the  cabin  pressure  leakage  tester  to  their  function  with  80Z  accuracy* 
STS:    14f    Meas:  PC 

*b.     Given  a  workbook,  and  yor^lng  In  a  group  of  not  more  than  four 
students,  perform  an  operational  check  on  the  CI-5  trainer  with  a  maximum 
of  four  instructor  assists.    STS:    18c   Meas:  PC 

*c.     Given  a  cabin  pressure  leakage  tester,  consolidated  tool  kit, 
and  workbook,  and  working  in  a  group  of  not  more  than  four  students, 
perform  a  cabin  pressure  leakage  test  on  the  CT*-5  trainer  with  no  more 
than  six  Instructor  assists.    STS:    8e,  14f ,  181   Meas:  PC 

*d.      Given  a  workbook,  troubleshoot  the  CT-5  trainer,  with  no  more 
than  three  Instructor  assists.    STS:    18d   Meas:  PC 


Z  TIME 
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COroSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-WB-315,  Operation  of  MB-3  Uakage  Tester 
C3ABR42331~WB-315A,  Cablu  Pressure  Leakage  Check 
TO  lF-lllA-2-2-1,  Airframe  and  Related  System 

TO  33A4-4-10-1,  Portable  Electric  Motor  Driven  Pressurized  Cabin  Leakage 
Tester,  Type  MB-3 

Training  Equipment 

Trainer  CT-5,  Environmental  Systems  or  Aircraft  (4) 

Safety  Net  (4) 

Warning  Signs  (4) 

MB-3  Cabin  Leakage  Tester  (4) 

Tool  Box  (4) 

Head  Set,  Microphone  (1) 

Training  Methods 
Performance  (4  hrs) 

Instructional  Guidance 

The  Instructor  will  orient  students  to  the  laboratory  situation  and  brief 
students  on  danger  areas  and  noise  protection.    Provide  individual  assistance 
as  required  and  assure  objectives  are  accomplished.    An  instructor  assist  is 
defined  as  limited  aid  such,  as  technical  direction  or  explanation  and/or 
technical  order  Interpretation  given  to  a  student  who  can  proceed  no  further 
on  his  own.    Tarn  off  all  power  when  applicable  to  conserve  energy  and 
resources. 

16.    Military  Training  9 

a.  Physical  Conditioning  (8) 

b.  Commander's  Call  (1) 
17*    Written  Test  and  Critique  2 
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NAME  OF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/tESSOM  PLAN  PART  I 


COURSE  TITLC  — 

Aircraft  Eavlronmental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Flight-Line  Maintenance 


1. 


COURSE  CONTENT 


1.     Gaseous  Oxygen  System 

a.     State  general  principles  relating  to  the  operation  of  a  gaseous 
oxygen  system.    A  minimum  of  four  out  of  five  must  be  correct. 
STS:    20a (1)    Meas:  PC 
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COORSE  COHTEHT 


SUPPORT  MATERIALS  A«D  GUIDANCE 

Student  Instructional  Materials 
C3ABRA2331-PT-401,  Low  and  High  Pressure  Systeas 

Training  Methods 
SeXf-lnstructlon  (3  hrs) 

Instructional  Guidance 

The  Instructor  will  Instruct/supervise  the  student  class  study  period, 
continually  adslnlster,  evaluate  and  critique  progress  checks  as  each  student 
progresses,  ensure  the  student  has  correct  «odul«  materials ,  record  student 
progress,  counsel  student  as  needed  regarding  ac«deaU.c  and  nonac&deulc 
reasons,  monitor  breaks  and  clean-up  periods.    The  Instructor  will  provide 
individual  assistance  to  each  student  as  needed  during  class.    Each  student 
must  satisfactorily  complete  the  appraisal  to  satisfy  the  objective (s) .  The 
instructor  will  pick  up  all  reusable  training  literature  from  the  student (s) 
as  feasible.    TUm  off  all  power  lAen  applicable  to  conserve  energy  and 
resources.    The  Instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed 
instructions  on  this  nodule. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


NAMCOF  INSTRUCTOR 


OOURSe  TITLE 

Aircraft  Environmental  Systems  Mechanic 


8LOCK  TITLE 

Utility  Systems  and  Fllght-Llne  Maintenance 


1. 


COURSE  COMTCHT 


2.     Liquid  Oxygen  Systems 

a.     State  general  principles  relating  to  the  operation  of  a  liquid 
oxygen  system.    A  minimum  of  four  out  of  five  must  be  correct. 
STS:    20a (2)    Meas:  PC 
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CdmSfi  COWX^HT 


SUPPORT  MATERIALS  AilD  GUiDANCB 

Student  Instructional  HatetlAls 
C3ABR42331-PT-402,  Liquid  Oxmn  Systfelas 

Training  Methods 
Self-Instruction  (3*5  hrs) 

Instructional  Guidance 

The  instructor  will  insttuct/Stipet^ise  the  studfent  class  study  period, 
continually  admiiilster,  evaluate  add  Critique  progress  checks  as  each  student 
progresses,  ensure  th6  studeiiit  had  correct  module  materials,  record  student 
progress,  counsel  student  ai  needed  regarding  academic  and  nonacademic 
reasons,  monitor  bteak  and  clean-up  t)erloda.  insttuctot  will  provide 

individual  assistance  to  each  Student  as  ifeed^d  diiring  class*    Each  student 
must  satisfactorily  complete  the  progress  ciieck  to  Satisfy  the  objective(s) . 
The  instructor  vd.il  pick  up  all  reusable  training  literature  from  the  student (s) 
as  feasible.    TXirtt  off  all  ^w6r  vhen  apfilicA^le  to  c6fli»erv^  energy  and 
resources.    The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed 
Instructions  on  this  module* 
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PLAN  OF  IMSTRUCTION/LESSOH  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


COURSE  TITLE 

Mrcreft  Environmental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Fllght-Llne  Maintenance 


1. 


COURSE  CONTENT 


3.      Inspection  and  Maintenance  of  Liquid  Oxygen  Systems 

a.  Using  trainer,  safety  equipment  and  workbook,  perform  an 
operational  check  of  a  liquid  oxygen  system.    A  maximum  of  one  instructor 
assist  is  allowed.    Apply  safety  precautions  without  error.    STS:  20c, 
201(2)    Meas:  PC 

b.  Given  a  trainer,  applicable  TOs,  and  workbook,  use  a  sonic  leak 
detector  to  leak  check  a  liquid  oxygen  system.    A  maximum  of  one 
Instructor  assist  is  allowed.    Apply  safety  precautions  without  error. 
STS:    14e    Meas:  PC 

c.  Given  a  liquid  oxygen  system  schematic  and  malfunctions, 
correctly  Identify  four  out  of  five  '.auses.    STS:    20d   Meas:  PC 

d.  Using  the  necessary  tools,  equipment,  applicable  TOs,  and 
workbook,  repair  selected  components  of  an  oxygen  system.    A  maximum  of 
one  instructor  assist  per  component,  is  allowed.    Apply  safety 
precautions  without  error.    STS:    10c.  20h,  201(1),  201(2)    Meas:  PC 

e.  Given  applicable  TOs  and  workbook,  use  a  TTU/162E  converter 
tester  to  bench  check  a  liquid  oxygen  converter.    A  maximum  of  one 
Instructor  assist  is  allowed.    Apply  safety  precautions  without  error. 
STS:    14d(l),  20g,  201(1),  201(2)    Meas:  PC 

f .  Given  applicable  TOs  and  workbook,  use  a  regulator  tester 
to  perform  an  operational  check  of  an  oxygen  regulator.    A  maximum  of 
one  instructor  assist  is  allowed.    Apply  safety  precautions  without 
error.    STS:    14d(2)    Meas:  PC 

g.  Given  a  trainer,  applicable  TOs,  and  workbook,  use  a  quantity 
indicator  capacitance  tester  and  bench  check  the  converter  c^.^acltance 
system.    A  maximum  of  one  Instructor  assist  is  allowed.    Apply  safety 
precautions  without  error.    STS:    14d(3),  20g   Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Ins true tloaal  Materials 

C3ABR42331-PT-403,  Oxygen  Systems  Safety 

C3ABR42331-WB-403,  Oxygen  Systems  Laboratory  Projects 

APTO  Form  26,  Inspection  Workcard 

AFTO  Form  349,  Maintenance  Data  Collection  Record 

TO  1T-38A-06,  Work  Unit  Code  Manual 

TO  15X1-1-1,  Oxygen  Equipment 

TO  33D2-6-182-11,  Capacitance  Type  Liquid  Quantity  System  Test  Set 

TO  33D2-10-46-1,  Tester,  Liquid  Oxygen  Converter  System 

TO  33D2-10-55-1,  Oxygen  Regulator  Field  Tester 

TO  33E2-3-3-1,  Liquid  Oxygen  Converter  System  piarglng  Kit 

TO  33D9-84-30-1,  Sonic  Leak  Detector 

TO  15X6-3-63,  10  Liter  Converter 

Training  Equipment 

Oxygen  Safety  Equipment  (1) 

CTK  (1) 

Sonic  Leak  Detector  (2) 

Oxygen  Converter  (2) 

TTU/162E  Converter  Tester  (2) 

Hot  Purge  Kit  (2) 

TF-20-1  Capacitance  Tester  (2) 

Trainer  18754490,  Liquid  Oxygen  Systems  (2) 

Oxygen  Regulator  Field  Tester  (2) 

Training  Methods 
Performance  (16  hrs) 

Instructional  Guidance 

The  lab  Instructor  will  supervise  the  lab  period,  continually  administer, 
evaluate  and  critique  performance  exercises  as  each  student  progresses, 
ensure  student  has  correct  module  materials  and  equipment,  record  student's 
progress,  counsel  student  as  needed  regarding  academic  and  nonacademlc 
reasons,  monitor  breaks  and  clean-up  periods,  ensure  student  compiles  with 
safety  practices  lAW  applicable  AFOSH  standards.    The  Instructor  will  provide 
Individual  assistance  to  each  student  as  needed  during  lab  projects.  Each 
student  must  satisfactorily  complete  the  Individual  performance  exercises 
to  satisfy  the  objectives.    The  Instructor  will  pick  up  all  reusable  training 
literature  from  the  student  as  feasible.    TUm  off  all  power  as  applicable 
to  conserve  energy  and  resources.    The  Instructor  will  refer  to  Part  II 
Teaching  Guide  for  detailed  Instructions  on  this  module.    An  Instructor 
assist  Is  defined  as  limited  aid,  such  as  technical  direction  or  explanation 
and/or  technical  order  Interpretation  given  a  student  who  can  proceed  no 
further  on  his/her  own.    A  detected  safety  violation  (DSV)  Is  an  automatic 
failure  for  that  objective. 
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PLAN  OF  INSTRUCTION/UESSON  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


BLOCK  TITLE 

Utility  Systems  and  Flight«-Llne  Maintenance 


COURSE  TITUE 

Aircraft  gnvironmental  Systems  Mechanic 


1. 


COURSE  CONTENT 


4.     Cryotainer  Systems  Maintenance 

a.  State  general  principles  relating  to  the  operation  of  the 
cryotainer  system  and  units.  A  minimum  of  four  out  of  five  must  be 
correct.    STS:    24a   Meas:  PC 

b.  Using  tools,  inspection  vorkcard,  applicable  IDs,  and  workbook, 
inspect  the  cryotainer  and  components.    Locate  a  minimum  of  four 
discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  two  instructor 
assists  ic  a.lloved.    Apply  safety  precautions  without  error. 
STS:    4d(l),  24d,  24e,  24k    Meas;  PC 

c.  Using  assigned  cryotainer,  proper  tools,  applicable  TOs,  and 
i/orkbook,  remove  and  replace  a  minimum  of  three  components.    A  maximum 
of  one  instructor  assist  per  component  is  allowed.    Apply  safety 
precautions  without  error.    STS:    24h,  24i,  24k   Meas:  PC 

d.  Using  a  vacuum  pump,  vacuum  micron  gage,  applicable  TOs, 
M^orkbooks,  and  working  in  a  group  of  not  more  than  four  students, 
evacuate  a  cryotainer.    A  maximum  of  three  instructor  assists  is 
allowed.    Apply  safety  precautions  without  error.    STS:    24b,  24k 
teas:  PC 

e.  Using  purging  unit,  applicable  TOs,  workbook,  safety  equipment, 
and  working  in  a  group  of  not  more  than  four  students,  purge  a  cryotainer 
k  maximum  of  two  Instructor  assists  is  allowed.  Apply  safety  precautions 
without  error.    STS:    24c,  24k    Meas:  PC 

f.  Using  safety  equipment,  applicable  TOs,  workbook,  and  working 
In  a  group  of  not  more  than  two  students,  perform  an  operational  test 
of  a  cryotainer.    A  maximum  of  two  instructor  assists  is  allowed. 
Apply  safety  precautions  without  error.    STS:    24f ,  24k   Meas:  PC 

g.  Using  leak  tec  solution,  sonic  leak  detector,  safety  equipment, 
applicable  TOs,  workbook,  and  working  in  a  group  of  not  more  than  two 
students,  perform  leak  tests  on  a  cryotainer.    A  maximum  of  one 
Instructor  assist  is  allowed.    Apply  safety  precautions  without  error. 
STS:    14e,  24g,  24k   Meas:  PC 
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COURgE  CONTENT 


SOtPORT  MATERIALS  AND  (SIIDANCE 

Student  Instructional  Materials 
C3ABR42331-PT-404,  Cryotainet  Systems 
C3ABR42331-WB-404,  Cryotalner  Uboratory  Projects 
AFTO  Form  26,  Inspection  Wotkcatd 
AFTO  Form  349 

TO  00-25-06-2-2,  Work  Unit  Code  Manual 

TO  37C2-8-1-101,  Liquid  Oxygen,  Nitrogen  and  Argon  Storage  and  Transfer 
Tanks 

TO  37C 2-8-3-3,  50  Gallon  Liquid  Oxygen  Storage  and  Transfer  Tank 
TO  37C11-3-1,  Vacuum  Gauge 

TO  37C2-8-3-4,  50  Gallon  Liquid  Oxygen  and  Liquid  Nitrogen  Storage  and 

Transfer  Tank 
TO  36G2-3-1,  Air  Purging  Unit  Type  GSU-62/M 

TO  34Y5-3-37-11,  Vacuum  Pump,  Rotary  Power  Driven  USAF  Type  PMU-4/E 
TO  33D9-84-30-1,  Sonic  Leak  Detector 

Training  Equipment 
Cryotalners  (4) 
Purge  Unit  (4) 
Vacuum  Pump  (4) 
Micron  Gage  (4) 
Safety  Equipment  (1) 
CTK  (1) 

Sonic  Leak  Detector  (1) 

Training  Methods 
Self-Instruction  (3.5  hrs) 
Performance  (20.5  hrs) 

Instructional  Guidance 

The  cldssroom  and/or  lab  Instructor  will  supervise  the  student  class  study 
and/or  lab  period,  continually  administer,  evaluate  and  critique  progress 
checks  and  performance  exercises  as  each  student  progresses,  ensure 
student  has  correct  module  daterials  and  equipment,  record  student's  progress, 
counsel  student  as  needed  regarding  academic  and  nonacademlc  reasons,  monitor 
breaks  and  clean-up  periods,  ensure  student  complies  with  safety  practices  lAW 
applicable  AFOSH  standards.    The  instructor  will  provide  individual  aspxstance 
to  each  student  as  needed  during  class/lab  perlott.    Each  student  must 
satisfactorily  complete  the  individual  progress  checks  and/or  performance 
exercise  to  satisfy  the  objectives.    An  Instructor  assist  is  defined  as 
limited  aid  such  as  technical  direction  or  explanation  and/or  technical  ordei 
interpretation  for  the  student  who  can  proceed  lio  further  on  his/her  own. 
A  detected  safety  vlolatl,on  is  an  automatic  failure  for  this  objective. 
Stress  danger  areas  When  working  with  hot  compressed  air  and  high  pressure 
gases.    Also,  ensure  that  each  student  has  ear  protectors  when  working 
in  high  intensity  noise  areas.    "Ihe  instructor  will  pick  up  all  reusable  training 
literature  from  the  student  a)3  feasible.    Turn  off  power  when  applicable  to 
conserve  energy  and  resources,    ihe  Instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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nAmEOF  INSTRUCTOR 


COURSE  TITUC 

Aircraft  Environmental  Systems  Mschanlc 


BLOCK  TITLE 

Utility  Systems  and  Flight-Line  Maintenance 


1. 


COURSE  CONTENT 


mar 


5.      life  Raft  Inflation.  Equipment 

a.  State  general  principles  relating  to  the  operation  of  life  raft 
Inflation  equipment.    A  minimum  of  four  out  of  five  must  be  correct. 
STS:    22a    Meas:  PC 

b.  Using  tools,  applicable  TOs  and  vorkbook,  Inspect  the  valve 
head  assemblies  and  cylinders.    Locate  a  minimum  of  four  discrepancies 
and  record  them  on  AFTO  Forms  349.    A  maximum  of  two  instructor  assists 
is  allowed.    Apply  safety  precautions  without  error.    STS:  22c 

Meas:  PC 

c.  Using  the  life  raft  inflation  cylinder  recharging  equipment, 
scales,  tools,  applicable  TOs,  workbook,  and  working  in  a  group  of  not 
more  than  two  students,  service  a  life  raft  cylinder  lAW  TO  tolerances 
and  discharge  cylinder  safely.    A  maximum  of  three  instructor  assists 
is  allowed.    Apply  safety  precautions  without  error.    STS:  22b, 
22e,  22f(l),  22f(2)    Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

C3ABR42331-PT-405,  Life  Raft  Inflation  Equipment 

C3ABR42331-WB-405,  Inspection  and  Servicing  of  Life  Raft  Cylinders 

TO  00-25-06-2-1,  Work  Unit  Code  Manual 

TO  14S1-1-102,  USAF  Flotation  Equipment 

TO  14S1-1-33,  Life  Raft  Inflation  Equipment 

AFTO  Form  349 

AFTO  Form  26 


Training  Equipment 

Carbon  Dioxide  Recharging  Pump  (2) 

Scale-Dial  and  Beam  (2) 

Life  Raft  Inflation  Cylinder  (2) 

CTK  (1) 


Training  Methods 

Self- Instruction  (2.5  hrs) 

Performance  (3  hrs) 


Instructional  Guidance 

The  classroom  and/or  lab  Instructor  will  supervise  the  student  class  study  and /or 
lab  period,  continually  administer,  evaluate  and  critique  progress  checks 
and  performance  exercises,  as  each  student  progresses.    Ensure  student  has 
correct  module  materials  and  equipment,  record  student's  progress,  counsel 
student  as  needed  regarding  academic  and  nonacademlc  reasons,  monitor 
breaks  and  clean-up  periods,  ensure  student  complies  with  safety  practices  lAW 
applicable  AFOSH  standards.    The  instructor  will  provide  individual  assistance 
to  each  student  as  needed  during  class/lab  periods.    Each  student  must 
satisfactorily  complete  the  individual  progress  checks  and/or  performance 
exercise  to  satisfy  the  objectives.    An  instructor  assist  is  defined  as 
limited  aid  such  as  technical  direction  or  explanation  and /or  technical 
order  interpretation  given  a  student  who  can  proceed  no  further  on 
his/her  own.    A  detected  safety  violation  is  an  automatic  failure  for  that 
objective.    The  instructor  will  pick  up  all  reusable  training  literature  from 
the  student  as  feasible.    Taxn  off  all  power  when  applicable  to  conserve  energy 
and  resources.    The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed 
instructions  on  this  module. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PARtT 


NAUe  6  F  INSTRUCTOR 


OOU  RSE  TITLE 

Aircraft  Envtroniaental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Flight-Line  Maintenance 


i  YiMC 


ERLC 


1. 


COURSE  CONTENT 


6.     Fire  Extinguisher  System  Maintenance 

a.     State  general  principles  relating  to  the  operation  of  aircraft 
fire  extinguishing  release  systems.    A  minimum  of  four  out  of  five  must  be 
correct.    STS:    21a (1)    Meas:  PC 

b»     State  general  principles  relating  to  the  operation  of  aircraft 
fire  extinguishing  directional  systems*    A  minimum  of  four  out  of  five 
must  be  correct.    STS:    21a (2)    Meas:  PC 

c.     State  procedures  for  repairing  components  of  a  fire  extinguishing  (.5) 
system*    A  minimum  of  four  out  of  five  must  be  correct*    STS:  21h 
Meas:  PC 


d.  State  procedures  relating  to  the  servicing  of  fire  extinguishing 
systems,    A  minimum  of  four  out  of  five  must  be  correct,    STS:  211 
Meas:  PC 

e.  Specify,  without  error,  safety  precautions  Involved  In  handling 
Inert  gases,    STS:    21j(l)    Meas:  PC 

f .  Specify,  without  error,  safety  precautions  Involved  In  handling 
toxic  compounds.    STS:    21  j (2)    Meas:  PC 

g»      Specify,  without  error,  safety  precautions  Involved  In  handling 
explosive  squibs.    STS:    21j(3)    Meas:  PC 

h.     Specify,  without  error,  safety  precautions  Involved  In  handling 
high  pressure  gases.    STS:    21j (4)    Mees:  PC 


8 

(1) 
(1) 


(•5) 

(•5) 
(•5) 
(•5) 
(•5) 


1»     Using  a  fire  extinguishing  trainer.  Inspection  workcard,  -06  code  (1) 
book  and  workbook.  Inspect  the  fire  extinguishing  system.    Ix)cate  a  minimum 
of  five  discrepancies  and  record  on  AFTO  Forms  349*    A  maximum  of  three 
Instructor  assists  Is  allowed.    Apply  safety  precautions  without  error. 
STS:    21b   Meas:  PC 


j •     Using  a  fire  extinguishing  trainer  and  workbook,  perform  an 
operational  check  of  the  fire  extinguishing  system.    A  maximum  of  one 
Instructor  assist  Is  allowed.    Apply  safety  precautions  without  error, 
STS:    21c   Meas:  PC 
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COURSE  CONTKHT 


k.     Using  a  fire  extinguisher  trainer,  multimeter  and  workbook,  (1) 
troubleshoot  a  fire  extinguishing  system  for  malfunctions.  Locate 
and  record  a  minimum  of  four  out  of  five  causes  correctly.  A 
maximum  of  two  instructor  assists  is  allowed,    itpply  safety 
precautions  without  error.    STS:    21d   Meas;  PC 

1.     Using  container,  ignition  circuit  tester,  and  workbook,  (.5) 
bench  check  two  squibs  for  proper  resistance  values.    A  maximum  of 
one  instructor  assist  is  allowed.    Apply  safety  precautions  without 
error.    STS:    21g   Keas:  PC 

SUPPORT  MATERIALS  AMD  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-406,  Aircraft  Fire  Extinguishing  Uquid  Agent  Systems 
C3ABR42331-PT-406A,  Aircraft  Fire  Extinguishing  Systems  Safety,  Servicing, 
Repair, 

C3ABR42331-WB-406,  Aircraft  Fire  Extinguishing  Laboratory  Projec.ts 
AFTO  Form  26 
AFTO  Form  349 

TO  1C-14U-06,  Work  Unit  Code  Manual 

Audio  Visual  Aids 

Film  AVA  C-141,  Fire  Extinguishers 

Training  Equipment 

Trainer  3180,  Fire  Extinguishing  System  (2) 
Container  and  Squib  (2) 
Multimeter  (2) 
Igniter  Tester  (2) 

Training  Methods 
Self-Instruction  (3.5  hrs) 
Performance  (4.5  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  instructor  will  supervise  the  student  class  study 
and/or  lab  period,  continually  administer,  evaluate »  and  critique  program 
checks  and  performance  exercises,  as  each  student  progresses,  ensure  stuaent 
has  correct  module  materials  and  equipment »  record  student  progress,  counsel 
student  as  needed  regarding  academic  and  nonacademic  reasons,  monitor  breaks 
and  clean-*up  periods,  ensure  student  complies  with  safety  practices  lAU 
applicable  AFOSH  standards.    The  instructor  will  provide  individual  assistance 
to  each  student  as  needed  during  class/lab  periods.    Each  student  must 
satisfactorily  complete  the  individual  progress  checks,  and/or  performance 
exercises,  to  satisfy  the  objectives.    An  instructor  assist  is  defined  as 
lim* ted  aid  such  as  technical  direction  or  explanation  and/or  technical 
order  Interpretation  given  a  student  who  can  proceed  no  further  on  his/her  own. 
The  Instructor  will  pi<ik  up  all  reusable  training  literature  as  feasible.  Turn 
off  all  power  when  applicable  to  conserve  energy  and  resources.    The  instructor 
will  refer  to  Part  II  Teaching  Guide  for  detailed  Instructions  on  this  module. 
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PLAN  OF  mSTRUCTIOH/UESSON  PLAN  PART  I 


NAME  OF  INSTRUCTOR 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mschanlc 


BLOCK  TITLE 

Utility  Systems  and  Fllght-Llne  Maintenance 


Z  TIME 


1. 


COURSE  CONTENT 


7.     Liquid  Refrigeration  Systems  and  Components 

a.      Identify  the  purpose  of  components  In  a  liquid  '^'tolant  system. 
A  minimum  of  four  out  of  five  must  be  corrects    STSs    23£j\0    Meas:  PC 

Identify  the  purpose  of  components  In  a  liquid  cyle  system.  A 
minimum  of  four  out  of  five  must  be  correct.    SIS:    23a (2)    Meas:  PC 

c.  Using  a  refrigeration  trainer.  Inspection  %;orkcard  anc  workbook. 
Inspect  a  liquid  cycle  refrigeration  system.    Locate  a  minimum  of  two 
discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  one  Instructor 
assist  is  allowed.    Apply  safety  precautions  without  error.    SIS:  23b, 
231    Meass  PC 

d.  Using  a  refrigeration  trainer,  manifold  gage,  fforkbook,  and 
safety  equipment,  perform  an  operational  check  of  a  liquid  cycle 
refrigeration  system.    A  maximum  of  two  instructor  assists  is  allowed. 
Apply  safety  precautions  without  error.    STS:    23c,  231   Meas:  PC 

e.  Given  a  liquid  cycle  refrigeration  schematic  and  malfunctions, 
correctly  identify  four  out  of  five  causes.    STS:    23d   Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
C3ABR42331-PT-407,  Liquid  Coolant  Systems 
C3ABR42331-PT-407A,  Uquld  Cycle  Refrigeration  System 
C3ABR42331-WB-407,  Liquid  Refrigeration  Laboratory  Projects 
APTO  Form  26 
AFTO  Form  349 

TO  1B-52H-06,  Wbrk  Unit  Code  Manual 
Audio  Visual  Aids 

Film  TP  5536B,  Principles  of  Refrigeration 
Training  Equipment 

Trainer  4369  Liquid  Refrigeration  System  (2) 
Fianlfold  Gage  Assembly  (2) 
Safety  Equipment  (1) 

Training  Methods 
Self-Instruction  (3.5  hrs) 
Performance  (9  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  Instructor  will  supervise  the  student  class  study  and/or 
lab  period,  continually  administer,  evaluate  and  critique  progress  checks  and 
performance  exercises,  as  each  student  progresses,  ensure  student  has  correct 
module  material  and  equipment,  record  student's  progress,  counsel  student  as 
needed  regarding  academic  and  nonacadealc  reasons,  monitor  breaks  and  clean-up 
periods,  ensure  student  complies  with  safety  practices  lAW  applicable  AFOSH 
standards.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  the  class/lab  periods.    Each  student  must  satisfactorily 
complete  the  individual  progress  checks  and/or  performance  exercises  to 
satisfy  the  objectives.    An  instructor  assist  is  defined  as  limited  aid 
such  as  technical  direction  or  explanation  and/or  technical  order  interpretation 
given  a  student  Who  can  proceed  no  further  on  his/her  own.    A  detected  safety 
violation  is  an  automatic  failure  for  this  objective.  ,  The  instructor  is  to  Insure 
each  student  wears  eye  protection  during  the  handling  of  Freoh  to  prevent  possible 
blinding  of  the  student.    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student  as  feasible.    Tarn  off  all  power  when  applicable  to 
conserve  energy  and  resources.    The  Instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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PLAN  OF  INSTRUCTIOM/LESSON  PLAN  PART  i 


NAME  OF  INSTRUCTOR 


OQURSS  TITLE 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Fllght-Llne  Maintenance 


1. 


COURSE  CONTENT 


i  Hat 


8.     USAF  Graduate  Evaluation  Program 

a.      Identify  facts  relating  to  the  USAF  Graduate  Evaluation  Program 
A  minimum  of  four  out  of  five  must  be  correct.    STS:    5   Meas:  None 


(1) 
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COURSE  CONTEKT 


ERIC 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

C3ABR42331-PT-408,  USAP  Graduate  Evaluation  Program 

Training  Methods 
Self-Instruction  (1  hr) 

Instructional  Guidance 

The  student  will  complete  the  USAF  Graduate  Evaluation  Program  programmed 
text.    T\im  off  all  power  when  applicable  to  conserve  energy  and  resources. 

9.     Written  Test  and  Critique  ^  5 
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PLAN  OF  INSTRUCTIOH/LESSON  PLAK  PART  I 


nAmE6f  INSTRUCTOR 


OOURSE  TITLE 

Aircraft  Eavlrotmental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Flight-Line  Maintenance 


1. 


COURSE  CONTENT 


10*    Flight  line  Il&lntenance,  Inspection 

a*     Using  an  inspection  vorkcard,  assigned  aircraft,  and  applicable 
TOs,  Inspect  the  bleed  air  distribution  system.    Locate  a  minimum  of 
four  discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  two 
instructor  assists  is  allowed •    Apply  safety  precautions  without  error* 
STS:    3c,  4d(2),  15b    Meas:  PC 

b.     Using  an  inspection  workcard,  assigned  aircraft,  and  applicable 
TOs,  inspect  the  air  conditioning  system.    Locate  a  minimum  of  four 
discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  two  Instructor 
assists  is  allowed*    Apply  safety  precautions  without  error.    STS:  16b 
Meas:  PC 

c*     Using  an  inspection  workcard,  assigned  aircraft,  and  applicable 
rOs,  inspect  the  auxiliary  air  systems.    Locate  a  minimum  of  four 
discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  two  Instructor 
assists  is  allowed.    Apply  safety  precautions  without  error.    STS:  17b 
Meas:  PC 

d.  Using  an  inspection  workcard,  assigned  aircraft,  and  applicable 
TOs,  inspect  the  pressurlzatlon  system.    Locate  a  minimum  of  two 
discrepancies  and  record  on  AFTO  Forms  349.    A  maximum  of  one  Instructor 
assist  is  allowed.    Apply  safety  precautions  without  error.    STS:  18b 
Meas:  PC 

e.  Using  an  Inspection  workcard,  assigned  aircraft  and  applicable 
lOs,  Inspect  the  oxygen  system.    Locate  a  minimum  of  four  discrepancies 
and  record  on  AFTO  Forms  349.    A  maximum  of  t5^  instructor  assists  is 
allowed.    Apply  safety  precautions  without  error.    STS:    20b    Heas:  PC 


16 


(3) 


(4) 


(3) 


(3) 


(3) 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

TO  1T-38A--06,  Unit  Code  Manual 

TO  1T-38A-2-4,  Operation  and  Maintenance 

TO  1T-38A-4-4,  Illustrated  Parts  Breakdown 

APTO  Form  26 

AFTO  Form  349 

Training  Equipment 
Available  Aircraft  (4) 
CTK  (1) 

Ear  Protection  (1) 

Training  Methods 
Performance  (16  hrs) 

Instructional  Guidance 

The  lab  Instructor  will  supervlp-^  the  lab  period,  continually  administer, 
evaluate,  and  critique  progress  checks  as  each  student  progresses,  ensure 
student  has  correct  module  materials  and  equipment,  record  student  progress, 
counsel  student  as  needed  regarding  academic  and  nonacademic  reasons, 
monitor  breaks  and  clean-up  periods,  ensure  student  complies  with  safety 
practices  lAW  applicable  AFOSH  standards.    The  instructor  will  provide  individual 
assistance  to  each  student  as  needed  during  the  lab  period.    Each  student  must 
satisfactorily  complete  the  individual  performance  exercise  and/or  progress 
check  to  satisfy  the  objectives.    The  instructor  will  pick  up  all  reusable 
training  literature  from  the  student  as  feasible.    Ttam  off  all  power  when 
applicable  to  conserve  energy  and  resources.    An  instructor  assist  is  defined 
as  limited  aid,  such  as  technical  direction  or  eiqplanation  and/or  technical 
order  interpretation  given  a  student  lAo  can  proceed  no  further  on  his/her  own. 
A  detected  safety  violation  is  an  automatic  failure  for  that  objective.  Ensure 
students  wear  ear  protectors  in  high  intensity  noise  areas.    The  instructor  will 
refer  to  Part  II  Teaching  Guide  for  detailed  instructions  on  this  module. 
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PLAN  OF  iNSTittlCTION/LESSON  PLAN  PAItT  I 


NAME  OF  INSTRUCTOR 


COURSE  TITLE 

Aircraft  Environmental  Systems  Mechanic 


BLOCK  TITLE 

Utility  Systems  and  Fllght«-Llne  Maintenance 


1. 


COURSE  CONTENT 


11.    Fllghtllne  Maintenance,  Removal  and  Replacement  System  Components  24 

*a.     Using  assigned  aircraft,  applicable  TOs,  TO  exceptions,  CTK,  (4) 
MDC  forms,  and  working  In  a  group  of  not  more  than  two  students,  remove 
and  replace  a  minimum  of  two  components  of  the  bleed  air  distribution 
system.    A  maximum  of  three  Instructor  assists,  per  component.  Is 
allowed.    Apply  safety  precautions  without  error.    STS:    15e,  15f 
Meas:  PC 

*b.     Using  assigned  aircraft,  applicable  TOs,  TO  exceptions,  CTK,  (6) 
MDC  forms,  and  working  In  a  group  of  not  more  than  two  students,  remove 
and  replace  a  minimum  of  two  components  In  the  air  conditioning  system. 
A  maximum  of  three  Instructor  assists,  per  component.  Is  allowed.  Apply 
safety  precautions  without  error.    STS:    16e,  16f   Meas:  PC 

*c.     Using  assigned  aircraft,  applicable  TOs,  TO  exceptions,  CTK,  (4) 
MDC  forms,  and  working  in  a  group  of  not  more  than  two  students,  remove 
and  replace  a  minimum  of  two  components  In  the  auxiliary  air  system. 
A  maximum  of  three  Instructor  assists,  per  component,  is  allowed,  i^ply 
safety  precautions  without  error.    STS:    17e,  17f   Meas:  PC 

*d.     Using  assigned  aircraft,  applicable  TOs,  TO  exceptions,  CTK,  (4) 
MDC  forms,  and  working  in  a  group  of  not  more  than  two  students,  remove 
and  replace  a  minimum  of  two  components  in  the  pressurixation  system. 
A  maximum  of  three  Instructor  assists,  per  component,  is  allowed. 
Apply  safety  precautions  without  error.    STS:    18c,  18f   Meas:  PC 

*e.     Using  assigned  aircraft,  applicable  TOs,  TO  exceptions,  CTK,  (5) 
MDC  forms,  and  working  in  a  group  of  not  more  than  two  students,  remove 
and  replace  a  minimum  of  two  components  in  the  oxygen  system.    A  maximum 
of  three  Instructor  assists,  per  component,  is  allowed,    i^ply  safety 
precautions  without  error.    STS:    20e,  20f   Meas:  PC 

*f.     Using  assigned  aircraft,  headset,  source  of  air  and  electrical  (1) 
power,  checklist,  and  working  in  a  group  of  not  more  than  two  students, 
perform  an  operational  check  of  the  bleed  air  distribution,  air  condition4ng 
and  auxiliary  air  systems.    A  maximum  of  three  Instructor  assists  is 
allowed,    ^ply  safety  precautions  without  error.    STS:    15c,  16c,  17c 
Meas:  PC 
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SUPPORT  HATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
TO  1T--38A-D6 
TO  1T-38A-2-4 
TO  1T-38A-4-4 
AFTO  Form  349 

AFTO  Form  350,  Repairable  Item  Processing  Tag 

AFTO  Fore  781A,  Maintenance  Discrepancy  Work  Document 

AF  Form  2413 

Training  Equipment 
Available  Aircraft  (7) 
Toolkit  (1) 
Ear  Protectors  (1) 

Training  Methods 
Performance  (24  hrs) 

Instructional  Guidance 

The  lab  Instructor  will  supervise  the  lab  period,  continually  administer, 
evaluate,  and  critique  performance  exercises  and  progress  checks  as  each 
student  progresses,  ensure  student  has  correct  module  materials  and  equipment, 
record  student's  progress,  counsel  student  as  needed  regarding  academic  and 
nonacademlc  reasons,  monitor  breaks  and  clean-up  periods,  ensure  student  complies 
with  safety  practices  lAW  applicable  AFOSH  standards.    The  Instructor  will 
provide  assistance  to  each  student  as  needed  during  the  lab  period.    Each  student 
must  satisfactorily  complete  the  Individual  performance  exercise  and/ or  progress 
check  to  satisfy  the  objectives.    An  Instructor  assist  Is  defined  as  limited  aid 
such  technical  direction  or  explanation  and/or  technical  order  Interpretation 
given  a  student  who  can  proceed  no  further  on  his/her  own.    The  Instructor  will 
pick  up  all  reusable  training  literature  from  the  student  as  feasible.  TXim 
off  all  power  yAien  applicable  to  conserve  energy  and  resources.    A  detected 
safety  violation  Is  an  automatic  failure  for  that  objective.    Ensure  students 
wear  ear  protectors  in  high  intensity  noise  level  area.    The  Instructor  will  refer 


to  Part  II  Teaching  Guide  for  detailed  Instructions  on  this  module. 

12.  Military  Training  13 

a.  Physical  Conditioning  (6) 

b.  Commander's  Call  (1) 

c.  Predeparture  Safety  Briefing  and  iSnd-of«-Course  Appointments  (6) 

13.  Written  Test  and  Critique  1.5 

14.  Course  Critique  and  Graduation  .5 

POI  C3ABR42331  000                          6  July  1983  120" 


125 


PROGRAMMED  TEXT 


C3ABR42334-PT-105 
C3ABR42331-PT-303 


Technical  Training 


Aircraft  Pneudraulic  Systems  Mechanic 
Aircraft  Environmental  Systems  Mechanic 


MAINTENANCE  TOOLS 


12  April  1983 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DRRTHWRn  FOR  ATC  milRSR  TTRR 


Air  Force  20  Hay  81-600  »i8eo  DO  NOT  USE  ON  THE  JOB  RGL:  9.2 
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OBJECTIVES 


The  following  objective  pertains  to  the  Aircraft  Pneudiaulic  System 
Mechanic  Course.    Students  enrolled  in  the  C3ABR42334  course  will  only 
accomplish  the  following  objective: 

1.      Using  a  handtool  display,  match  the  numbered  tools  with  a  list 
of  selected  statements  that  pertain  to  tool  selection,  care,  and  use. 
A  minimum  of  24  out  of  30  tools  must  be  matched  correctly. 

The  following  objective  pertains  to  the  Aircraft  Environmental  System 
Mechanic  Course.    Students  enrolled  in  the  C3ABR42331  course  will  only 
accomplish  the  following  objective: 

1.     Relate  mainteuance  tools  to  their  proper  uses  with  80%  accuracy. 

INSTRUCTIONS 

This  text  is  presented  in  small  steps  called  frames.    After  each 
frame  you  will  select  correct  statements,  match  names,  and/or  numbers  to 
the  description  and/or  use  of  maintenance  tools.    Compare  your  answer  with 
the  correct  one  found  at  the  bottom  of  the  following  frame.    If  your 
answer  is  correct,  go  to  the  next  frame.    If  your  answer  is  wrong,  read  the 
frame  again  and  see  how  the  correct  response  was  derived.    READ  CAREFULLY 
AND  DO  NOT  HURRY! 


This  text  is  divided  into  six  sections: 


Section 

I 

Page 

3 

Frames 

1  throu<5h  14 

Section 

II 

Page 

20 

Frames 

15  through  30 

Sect  ion 

III 

Page 

40 

Frames 

31  through  40 

Section 

IV 

Page 

52 

Frames 

41  through  63 

Sect  ion 

V 

Page 

83 

Frames 

64  through  84 

Sect  ion 

VI 

Page 

105 

Frame 

85 

Turn  to 

Frame 

1  and 

begin. 

Supersedes  3ABR42334-PT-105,  3ABR42331-PT-303,  19  December  1980,  which 
may  be  used  until  present  stocks  are  exhausted. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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Frame  1 

When  we  mention  tools  we  may  think  of  several  general  types  and 
uses  for  tools.    This  is  why  several  tools  will  be  found  in  your  tool 
box.    Each  is  designed  for  a  special  purpose.    The  tools  included  in 
most  toolkits  are  described  in  this  text. 

Handtools  are  the  mechanic's  best  friend,  he  is  helpless  without 
them.    Regardless  of  the  type  of  job  a  mechanic  is  assigned,  he  must 
choose  the  right  tool  and  be  bare  to  use  it  correctly.    Without  a 
thorough  knowledge  of  the  right  way  to  use  tools,  the  mechanic  wastes 
time,  cuts  down  his  efficiency,  and  may  injure  himself.  Mechanic's 
tools  are  designed  very  carefully  to  do  a  job.    Tools  must  be  used 
properly  if  they  are  to  be  as  effective  as  the  manufacturer  intended. 
Many  people  think  that  tools  can  stand  all  kinds  of  pv  .iishment.  Any 
mechanic  who  has  this  opinion  is  inviting  a  lot  of  grief  and  possible 
injury. 

When  using  maintenance  tools,  exercise  extreme  caution  to  insure 
the  security  of  the  maintenance  tools.    Leaving  your  tools  unattended 
and  your  toolkit  unlocked  makes  you  an  easy  target  for  someone  to  pick 
them  up  mistakenly  or  steal  them.    Remember  that  you  are  responsible 
for  the  maintenance  tools  you  use.    When  you  are  not  using  the  hand- 
tool,  put  it  in  the  toolkit  and  keep  the  toolkit  with  you  or  store  it 
in  the  appropriate  secure  area. 

//////////No  Response  Required////////// 
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Frame  2 


Hanuners  are  tools  used  to  strlke»  drlve»  pounds  etc.  Hammers 
are  made  up  of  a  head  and  a  handle.    The  head  Is  made  up  of  one  or 
more  faces  which  may  be  rounds  square^  or  rectangular  and  concave^ 
flat  or  convex.    The  head  has  a  t¥>le  which  Is  usually  oval-shaped 
and  bell -mouthed  at  each  end.    The  shape  of  the  eye  makes  It  easy 
to  put  in  and  clamp  the  handle  to  the  head* 

Each  hammer  has  its  own  special  use.    The  good  mechanic  learns 
to  select  the  correct  hammer  for  the  particular  work  at  hand. 


Match  the  hammers  above  to  the  nomenclatures  below: 

1.  Hammer >  hand»  machinist,  tall  peen,  1  lb. 

2.  Hammer,  hand,  face  diameter  11/2  inch»  screw**in  inserted 
face,  plastic,  1  1/4  lb. 


BALL  PEEN 


PLASTIC 


A 


B 


4 
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Frame  3 


Hpniwers  are  generally  classified  as  "hard  face"  hauaers  and 
"soft  face"  hammers.  Hard  face  hammers  are  made  of  steel.  Soft 
face  hammers  have  a  face  made  of  material  softer  than  steel,  for 
example:    lead,  plastic,  rubber,  wood  or  brass* 

Hammers  are  further  classified  according  to  the  weight  of  the 
head  (wxthout  the  handle)  and  they  range  from  four  ounces  to  20 
pounds  in  size. 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F). 

  !•      Hammer  size  is  determined  by  the  weight  of  the  hamner  head. 

  2.      Soft  face  hammers  are  made  of  steel. 

  3.      Hard  face  hammers  are  made  of  such  materials  as  lead, 

plastic  or  rubber. 


Answers  to  Frame  2:      1.    b     2.  a 
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Frame  4 


O^e  of  the  better  known  hard  face  hatnmers  i«  the  ball  peen 
hammer.    Tha  noAe  ot  th±4  hammer  came  fro4  the  ball-shaped  end  which 
±g  usedf  to  peen  (expand  or  str^ch)  metifl.    iWball-peen  hanmer  la 
frequently  used  to^  expand  tl^e  end  of' a^  rivet  iti  ^  hole  or  for  forming 
gaskets.    The  flat-faced  erii  d  the  hanmer  is  used  for  tapping  if^puncli 
or  a  chisel  o^  for  other  rough  work^. 

Ball-peen  hammers  come  in  different  sizes  (weight) .    Th«r  size 
of  these  hammers  is  given  inf  weight  of  the  he^  in  ounces.    The  mo^t 
commonly  us^d  hammer  is  a  12-ounce  hammer^    Although  six^  to^eight-^ 
ounc4  hammers,  fo/ light^  work{  and^l6  tcr  32  ounc^  hammers,  fo/  heavy 
work,  are^ available.    Th^  tyl^e  of  wo^k  thdt  yoU  do^  shoitLd  determine 
which  weight' hasmer  yoi/  will/use-r^ 

Check  (/)  the  true  statements  below. 

 1.    The  flat-faced  end  of  the  ball-peen  hammer  is  used  when 

riveting. 

  2.    Ball-peen  hanmb.rs  are  used  where  steel  hammers  may  mar 

the  work. 

  3.    The  weight  of  the  head  determines  the  size  of  the  hammer. 


Answers  to  Frame  3:    1.    T     2.    F     3.  F 
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Fraaa  5 

Soft-faced  haamers  aroused  ti^fors^^soflT metals  o^ ttf "drive 
close-fitting  parCs/ together*    The  soft  material  on  the  face  of  these 
hammers  can  be  damaged  easily*    llierefore»  soft- faced  hammers  should 
not  be  used  for  rough  work  such  au  driving  a  punch,  nails  or  bolts* 

Mallets  are  also  available  in  your  shop*    The  only  difference  in 
a  mallet  and  a  soft-faced  hanmer  is  that  the  entire  head  of  a  mallet 
is  made  up  of  rubber,  brass,  or  plastic*    However,  only  the  face  of  a 
soft-faced  hammer  is  made  up  of  these  materials* 

1*^  Match  each  of  the  hamDers  in  column  B  with  the  proper  use  in 
column  A* 


1* 


2* 


3* 


Column  A 

Used  for  forming  gaskets 
and  other  light  work* 

The  entire  head  is  composed 
of  rawhide  to  prevent 
injury* 

Brass-faced  hammer  used 
where  steel  haomer  may  mar 
the  work. 


Column  B 
a*  Mallet 
b*     Ball-peen  hammer 
c*     Soft-faced  hammer 


Answers  to  Frame  4:  1* 


2* 


3*  / 
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Frame  6 


Practice  is  the  only  way  that  you  wHl  learn  to  use  a  hammer 
properly^    However,  the  correct  grip  is  an  aid  to  a  hammer's  right 
use* 

T>'e  handle  should  be  held  near  the  end  with  the  fingers  under- 
neath and  the  thumb  along  the  top  or  side*    The  thumb  should  always 
rest  on  the  handle  itself,  never  on  top  of  the  fingers*    The  grip 
sl»uld  be  tight  enough  to  control  the  blow*    The  blow  is  delivered 
so  the  face  of  the  hammer  is  parallel  to  the  work  being  struck* 

A  blow  off  the  side  of  the  object  being  struck  is  usually 
caused  by  grease  or  oil  on  the  face  of  the  head.    Should  this 
Itappen,  the  face  should  be  wiped  off  with  a  rag  and  then  rubbed 
briskly  with  coarse  sandpaper  or  emery  cloth* 


Study  the  illustration  above,  then  answer  the  questions  below. 

a*      The  correct  way  to  hold  and  deliver  a  blow  with  a  hamner 
is  shown  by  drawing   . 


2*      Check  (/)  the  true  statements  below. 

  a*    While  using  a  hammer,  always  hold  it  near  the  end  of  the 

handle* 

  b»    When  delivering  a  blow  with  a  hammer,  the  thumb  must  rest 

on  top  of  the  fingers. 

  c.    The  face  of  the  hammer  must  squarely  meet  the  object  being 

struck. 


Answers  to  Frame  5:      1.  b       2>  a       3*  c 
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Frame  7 


Probably  most  accidents  with  hasners  are  caused  by  loose  hasmer 
heads,  sweaty  hands,  or. oily  or  greasy  handles*  The  user  should  pay 
close  attention  to  these  dangers  when  using  a  hammer* 

Never  use  a  hammer  with  a  loose  head  or  a  cracked  handle,  as 
this  Is  dangerous  to  both  the  material  being  worked  on  and  to  other 
personnel.    A  loose  head  can  be  tightened  by  driving  the  wedge, 
found  In  the  end  of  the  l>andle.  In,  flush  with  the  head.    If  the 
head  starts  to  work  off  the  end  of  the  handle.  It  can  be  set  back  In 
the  proper  position  by  striking  the  butt  end  of  the  handle  against  a 
solid  object •    After  the  head  has  been  moved  back  to  Its  correct 
position.  It  should  be  tightened  by  driving  the  wedge  Into  the 
handle  In  the  eye  of  the  head*    If  any  defects  are  noticed.  It 
should  be  repaired  or  turned  In  for  a  serviceable  hamner* 

Check  (O  the  true  statements  below. 

  1.      A  cracked  hammer  handle  should  be  glued  or  taped  before 


using. 


2. 


If  you  can't  repair  a  hammer,  you  should  turn  It  In  for 
a  serviceable  one* 


3. 


A  loose  hammer  head  can  be  set  back  by  striking  the  butt 
end  of  the  handle  against  a  solid  object. 


Answers  to  Frame  6: 


1*  a* 


B 


2*  a* 


b* 
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\ 


Screwdrivers  are  grouped  by  the  types  of  points  they  have. 
The  screwdrivers  points  are:    cotmon,  crosspoint,  and  dutchhead^ 
Study  the  illustrations  below,  of  the  four  screwdrivers,  and  read 
their  description* 


The  offset  screwdriver  has  a 
sharp  bend  at  each  end.    It  has 
flat  tips  or  crosspoints* 


0 


You  should  be  familiar  with 
the  cotamon  screwdriver  -  it  has 
a  flat  tip* 

The  clutchhead  screwdriver 
stands  alone  in  that  it  does 
not  look  like  any  other  type. 


The  crosspoint  screwdriver 
family  includes  both  the  Phillips, 
and  the  Reed  &  Prince  types. 


® 


Match  the  items  shown  above  with  the  nomenclature  below: 

  1,     Screwdriver,  flat  tip,  3/8- inch  wide  tip,  6-inch  long  blade- 

2.      Screwdriver,  crosspoint,  6-inch  long  blade. 

  3*     Screwdriver,  flat  tip,  offset,  4  1/2- inch  long. 

 ^4.      Screwdriver,  clutchhead,  6-inch  long  blade. 


Answers  to  Frame  7  J 


2.    /       3.  / 
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Frame  9 


A  comon  screwdriver  Is  sonetines  called  a  flat  tip  screwdriver* 
This  Is  because  the  working  edge  of  the  blade  la  ground  flat  and 
straight  and  not  a  sharp  edg^  like  a  kuife  or  chisel  blade.  The 
cooBon  screwdriver^  shown  below »  has  a  steel  shank  set  In  a  handle 
of  wood  or  plastic* 

The  slxe  of  all  screwdrivers  is  the  conblned  length  (In  Inches) 
of  the  blade  and  shank.    Can  you  name  the  parts  of  the  drawing  below? 
Part  D  is  the  shank.    It  is  steel  and  usually  round  in  shape.   However » 
some  heavy  duty  screwdrivers  may  have  a  square  shank*    Part  C  of  the 
illustration  is*  the  blade*    The  blade  is  the  working  part  of  the 
screwdriver.    The  blade  is  ground  flat  and  straight  fbr  the  best 
possible  contact*    Part  B  of  the  illustration  is  the  handle  which  is 
made  of  woodt  plastic »  or  other  nonconductor  of  electricity. 


( 

> 

1*     Match  the  items  lettered  in  the  drawing  above  with  the  statements 
listed  below: 


1. 

2. 
3. 


Shank 

Handle 

Blade 


4.     Dimension  used  to  determine  the  specified  length  of  a 
screwdriver* 


Answers  to  Frame  8:      1.      B       2.      D       3.      A        4.  C 
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Frame  10 


The  crosspolnt  screwdrivers,  shown  in  the  illustration  below, 
are  made  to  fit  a  specific  screw  or  bolt.    The  Reed  and  Prince 
crosspoint  tip  should  be  used  only  on  a  Reed  and  Prince  screw. 
The  Phillips  screwdriver  is  designed  for  use  with^only  a  Phillips 
screw.    Look  at  the  difference  in  the  shapes  of  the  points  and 
flutes  (rounded  grooves).    Use  of  the  wrong  size  or  type  of 
crosspoint  screwdriver  will  result  in  damaged  screwheads  and 
unnecessary  loss  of  man-hours  in  replacing  them. 


A  REED  A  PRINCE  TYPE  B.  PHILLIPS  TYPE 


Mark  the  following  statements  true  (T)  or  false  (F). 

  1.    vnien  removing  an  AGE  unit  inspection  plate,  it  is  best  to 

observe  the  exact  fit  of  the  crosspoint  screwdriver  and 
change  to  the  correct  type  as  required. 

  2.    The  Reed  and  Prince  screwdriver  has  a  sharper  point  than 

the  Phillips  type. 

  3.    The  size  of  the  screwdriver  is  determined  by  the  length 

of  the  shank  and  blade. 

  A.    The  phillips  screwdriver  can  be  used  on  a  Reed  and  Prince 

screwh^ead. 


Answers  to  Frame  9:      1.    1.    D     2,    B     3,    C     4.  A 
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Frame  11 


Some  equipment,  especially  assembly  line  made  goods,  use  clutch- 
head  screws.    Their  design  is  similar  to  a  figure  eight  (see  illustra- 
tion) .    This  type  of  screwhead  is  used  because  the  screw  can  be  easily 
put  in  with  power  tools  and  not  strip  the  screwhead.    A  clutchhead  screw- 
driver must  be  used  to  put  in  or  take  out  clutchhead  screws.  Otherwise, 
damage  to  the  screwhead  will  occur* 


1.      Check  (/)  the  true  statements  below. 

  If  the  shank  of  a  clutchhead  screwdriver  Is  ten  inches 

long  and  its  handle  is  four  inches  long,  it  is  a  ten 
inch  screwdriver. 

  2.    The  clutchhead  screwdriver  has  a  sharply  pointed  tip. 

  3.    The  clutchhead  screwdriver  tip  resembles  a  figure  eight. 


Answers  to  Frame  10:    1.    T     2.    T     3.    T     4.  F 
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Frame  12 


The  offset  scrardrlver  la  uaed  to  put  in,  take  out,  or  adjust 
screws  which  cannot  Be  reached  By  other  scrardrlvera.    (See  Illustra- 
tion below) .    Offset  screwdrivers  come  with  a  crosspolnt  for  Reed  and  ' 
Prince  and  Phillips  screwheads  or  flat  tips  for  comnon  and  slotted 
screwheads.    Each  end  of  the  flat  tip  offset  screwdriver  has  a  blade 
bent  at  a  right  angle  (90  degree)  to  the  shank.    The  working  edge  of 
one  blade  is  parallel  to  the  shank;  the  other  is  set  at  a  90  degree 
angle  to  the  shank.    By,  alternating  the  use  of  the  blades,  a  screw 
can  oe  tightened  or  loosened  with  very  little  movement.    This  feature 
makes  this  tool  indispensable  in  tight,  comers  where  other  types  of 
screwdrivers  will  not  enter. 


1.     Check  (/)  the  true  statements  below. 

  1.    An  offset  screwdriver  has  a  tip  like  any  other  screwdriver, 

except  that  it  has  a  sharp  bend  at  each  end. 

  2.    The  two  tips  on  an  offset  screwdriver  are  for  use  on 

different  sized  screwheads. 

  3.    An  offset  screwdriver  may  be  used  in  a  limited  access 

area  where  a  longer  screwdriver  cannot  be  used. 


Answers  to  Frame  11:       1.      /        2.  3.  / 
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Frame  13 


Screwdrivers  should  only  boused  to' put  In  or  take  out  rcrevs. 
They  are  not  designed  nt/r  intended  to  be  used  as  a  chisel,  a  punch, 
a  pry,  a  natl  puller,  o^  a^hammer.    While  being  us^d  for  its  intended 
purpose,  sufficient  pressure  should  be  put  on  to  stop  it  from  climbing* 
out  of  the  slot*    Most  accidents  with  screwdrivers  are  caused  by  the 
blade  slipping  out  of  the  screw  slot,    kil  users  should  exercise 
caution  to'' prevent  slipping.    Th^  should  alsd  avoid,  holding  any  part 
ot  ih^ir  body  wh^e  a/ slipping  screwdriver  coilld  cause  injury.  Never 
use' a/screwdriver  to  check  electrical  circuits. 


When  you  select  a  screwdriver,  select  the  largest  on^  whose  blade 
will  make  a  good  fit  ih  the  screw  3l6t.    This  will  prevent  burring  of^ 
the  slot  and  damage  to  the  blade.    It  will  also  reduce  the  force 
required  to'^  hold"  the'' blad€  iry  the  slot. 


TOO 

NARROW 


THICK 
ENOUGH 


WIDE 
ENOUGH 


Check  (/)  the  correct  statements  below. 

  An  Important  factor  to  consider  when  selecting  a  screw- 
driver for  a  particular  screw  is  the  size  of  the  blade. 

  2.    Damage  to  screwheads  and  screwdrivers  is  reduced  when 

the  proper  site  screwdriver  is  used.  » 

  3.    It  is  important  that  the  correct  amount  of  pressure  be 

applied  to  the  screwdriver  when  installing  or  removing 
screws . 


A  screwdriver  should  never  be  used  as  a  chisel,  punch, 
prybar  or  nail  puller. 


Answers  to  Frame  12:  1.  1.  ✓ 


2. 


3.  ✓ 
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Frame  14 


Test  your  knowledge  of  the  previous  frairss  by  answering  the 
following  questions.    If  you  miss  any,  go  back  and  review  the 
appropriate  frame. 


1.  This  handtool  Is  called  a 

a.  mallet. 

b.  sledge  hammer, 

c.  ball  peen  hammer. 

d.  plastic  hammer. 

2.  Hammer  size  is  determined  by  the 

a.  length  of  the  handle. 

b.  diameter  of  the  face. 

c.  weight  of  the  hammer  head. 

d.  weight  of  the  hammer  head  and  handle  combined. 

3.  Soft  face  hammers  have  a  face  made  of 

a.  lead. 

b.  brass. 

c.  plastic. 

d.  any  of  the  above. 

4-      When  delivering  a  blow  with  a  hammer,  hold  the  hammer 

a.  with  your  thumb  resting  on  top  of  the  fingers. 

b.  near  the  end  of  the  handle. 

c.  so  the  face  will  strike  the  object  at  an  angle. 

d.  wherever  it  feels  most  comfortable  to  the  user. 
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Frame  14  Continued 


® 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  Offset  flat  tip  screwdriver. 

b.  Crosspoint  screwdriver. 

c.  Common  screwdriver. 

d.  Clutchhead  screwdriver. 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  Offset  crosspoint  screwdriver. 

b.  Crosspoint  screwdriver. 

c.  Common  screwdriver. 

d.  Clutchhead  screwdriver. 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  Offset  flat  tip  screwdriver. 

b.  Crosspoint  screwdriver. 

c.  Common  scret/driver. 

d.  Clutchhead  screwdriver. 

What  type  of  screwdriver  is  best  used  in  tight  quarters? 

a.  Offset  screwdriver. 

b.  Crosspoint  screwdriver. 

c.  Conmon  screwdriver. 

d.  Clutchhead  screwdriver. 
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Frame  14  Continued 
9.    The  size  of  a  screwdriver  is  determined  by  the 
a*     size  of  the  blade* 
b*      size  of  the  handle* 
c*     length  of  the  screwdriver* 
d*      combined  length  of  the  blade  and  the  shank* 


10.    Which  of  the  above  illustrations  shows  the  correct  size  of 
screwdrivers  to  use? 

a*  6  and  C 

b*  A  and  D 

c*  A  and  6 

d.  C  and  D 


11.    What  tool  is  pictured  above? 
a*      Flat  tip  screwdriver* 
b*     Crosstip  screwdriver* 
c*     Crosstip  offset  screwdriver* 
d*     Offset  flat  tip  screwdriver* 
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Frame  14 


Frame  lA  Continued 


12 •    What  tool  is  pictured  above? 

a,  Crosstlp  (Phillips)  screwdriver. 

b.  Crosstlp  (Reed  and  Prince)  screwdriver, 
c*     Crosstlp  offset  screwdriver. 

d.      Common  screwdriver. 


Answers  to  Frame  13:       1.      ✓      2.      ✓      3.     ✓      4.  / 


ERIC 


144 


Section  II 


Frame  IS 

A  file  is  a  precisely  made  tool  of  hardened  steel.    You  use  it 
to  cuff,  smooth^  or  remove  small  parts  of  metal*    Files  have  a 
cutting  edge  acroas  the  face*    Some  files  have  a  cutting  edge  on 
both  the  face  and  the  edge*    The  names  of  the  parts  of  a  file  are 
shown  in  the  drawing  below* 


pom 


HEEL 


File  size  is  its  length,  in  inches ,  from  the  point  to  the  heel* 
NOTE:  Never  use  a  file  without  a  handle  as  the  tang  could  be  driven 
into  your  hand. 

Match  the  lettered  items  in  the  drawings  with  the  statements  below* 


  1.  File  length 

  2.  File  tang 

  3.  File  edge 

Answers  to  Frame  14: 


1.- 
2.. 

3.  - 

4.  - 
5.. 
6.- 


c 
c 
d 
b 
b 


 A. 

File  face 

 5. 

File  heel 

• 

■r  Frame 

Question  No 

Answer 

Review  Frame 

-  2 

-  4 

-  3 

-  6 

-10 

-  9 

2U 

Frame  16 

Files  come  In  a  number  of  shapes  so  that  you  will  have  a  tool  for 
every  job.    Some  cross-section  views  of  file  shapes  are  shown  In  the 
illustration  below. 

□  AO 

:>OUARe         TRIANGULAR  ROUND 


HALF-ROUND  MILL  FLAT 


Files  of  different  shapes  are  given  specific  names.    Each  file  is 
also  designed  for  a  specific  purpose.    A  flat  file  (illustration  A)  is 
used  to  file  a  flat  surface  or  edge.    A  round  file  (illustration  B) 
sometimes  knowti  as  a  rat  tail  file,  is  used  to  enlarge  a  round  hole. 
A  taper  file  (illustration  C)  is  used  for  various  filing  operations 
such  as  sharpening  saw  blades  or  filing  small     rts.    A  half«-round 
(Illustration  D)  may  be  used  on  a  flat  or  concave  (hollow  and  curved) 
surface  or  edge. 


1,     Match  the  items  illustrcted  above  with  the  nomenclature  given 
below* 

 1.    Fil<?,  hand,  round,  8-inch  (rattail  file), 

  2.    File,  hand,  half-round,  8-inch. 

  3*    File,  hand,  flat,  10-inch. 

  4*    File,  hand,  taper,  3-inch. 
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Ftame  16  Continued 

2.     Check  (/)  the  true  statements  below. 

 1.    Yoii  should  use  a  taper  file  for  enlarging  a  round  hole. 

  2.    A  half*-round  file  should  be  used  for  filing  a  concave  hole. 

 3.    Use  a  flat  file  for  removing  a  small  amount  of  metal  on  a 

straight  flat  edge. 

  A.    The  tang  is  the  file  handle. 


Answers  to  Frame  15:      1.    A       2.      E       3.      C       4.     B  5. 
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Frame  17 


The  cut  of  a  file  refers  to  both  kind  and  coarseness  of  the  teeth* 
The  kind  of  teeth  refers  to  hov  the  cutting  teeth  are  aligned.  Files 
have  either  single-cut  or  double-cut  teeth.    Single-cut  files  have  rows 
of  teeth  cut  parallel  to  each  other. 

Double-cut  files  have  criss-cross  rows  of  teeth.  The  single-cut 
files  are  for  fine,  detailed  work.  The  double-cut  files  are  used  for 
quick  removal  of  metal  and  for  rough  work. 


Single-Cut    DoublfC  ^. 


The  coarseness  of  cut  fur  a  file  Is  determined  by  the  spacing 
(distance  between  the  teelh)  and  size  of  the  teeth.  Three  classes 
ol  file  coarseness  are  shown  In  the  drawings  below. 


BMUrd       Si^ood  Out  aMOth 


Match  the  cut  of  a  file  in  column  B  to  the  proper  description  listed 
in  column  A  by  placing  the  letter  in  the  space  provided. 


Column  A 

Column  B 

1. 

Rows  of  teeth  parallel  to 

a. 

double-cut  file 

each  other 

b. 

smooth  grade  file 

2. 

Rows  of  teeth  that  criss- 

cross each  other 

c. 

single-cut  file 

 3. 

A  file  with  teeth  cut  deep 

d. 

bastard  grade  file 

and  far  apart 

e. 

rasp-cut  file 

 4. 

A  file  with  teeth  cut 

shallow  and  close  together. 

Answers 

to  Frame  16:    1.  1.  B     2.  D 

3.  A 

4.  C       2.  1.^ 

3.  ✓  4.  
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Frame  18 


The  fUe  picked  for  any  kind  of  job  depends  on  the  material  being 
worked  and  the  finish  desired.    For  soft  vateriala  use  a  coarse  file. 
For  hard  naterials  un4  ^  fine  file.    Fox^  9^  very  accurate  f inlah  uae^ 
r  very  anobth  f ile.    For  rough  wotk  u^e  a  coarse  file. 

A  file  should  never  be^usett  without  a  handle.  Without  i  handle 
it  is  not  only  hard  t<^  control  biit  it  i6  also  likely  t6  pierce  your 
hand.    The  handle  should  be  tight  on  the"  tang  of  thti  fxle^ 

The  handle  of  a  file  should  be  held  (by  a  right  handed  person)^  ' 
in  tl^e  right  hand  with  th^  fingers  underneath  and"th^  thumb  on  top. 
The  left  hand  should  grip  th^  point  of  th^  file  between  the  palm  1 
and.  fingers.    Thi^  will  gi^  ygii^  the  greatest  control  q{  the  file.  . 
FHr  very  accurate  finishes,  the  thimib  anfl  fingers  qi  tKe  left  haiid/ 
sliould  rest  on  top  of  or  lightly  grip  the  point  of  the  file.  This 
is  shown  in  the  illustration. 


0 


A  file  should  never  be  used  on  a  material  harder  than  itself  or 
on  scaly  materials.    This  will  break  the  teeth  and  laake  ^e  fiJe  useless 

Mark  the  following  statements  true  (T)  or  false  (F). 


1. 


A  right  handed  filer  should  hold  the  handle  of  the  file  in 
Se  hefl^         "^^"^  °"        '"^'P        ^^"^  "-^"^  0° 


For  accurate  finishes,  the  thun>b  and  fingers  of  the  left  hand 
tie  me!     °"  °'  "-^^  P"^"'^ 


3. 


tJf LI;^^*^>,^^^"/^°"^^    '^^^     °f  ^he  file  in  hi^ 

h^Je!  underneath  and  the  thund>  on  top  of 


Answers  to  Frame  17:     1.  jC_   2.  _A_    3.    d     4.  B 
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Frane  19 


The  vay  you  use  a  file  varies  with  the  work  to  be  done  and  the 
type  of  file  to  be  used.    However^  the  general  procedure  la  as  follows: 
Use  a  smooth,  flrti  forward  stroke  to  "cut'*  the  material  being  filed. 
Use  only  enough  pressure  to  keep  the  file  cutting.    DO  NOT  drsg  the 
file  during  the  return  stroke  or  the  teeth  nay  be  dulled. 

Not  enough  pressure  on  the  forward  stroke  will  cause  the  file 
teeth  to  slip  over  the  work,  resulting  in  dulled  file  teeth.  Too 
nuch  pressure  will  overload  the  file  teeth,  causing  the  cut  to  be 
irregular. 

1.  Answer  each  of  the  following  statements  as  true  (T)  or  false  (F). 
 1.     The  procedure  for  using  a  file  is  the  same  for  every  job. 

  2.     The  teeth  of  a  file  can  be  dulled  if  the  file  is  used  improperly 

3,     The  procedure  for  using  a  file  is  not  the  same  for  every  job. 

 4.      In  order  for  the  file  to  cut  the  material,  a  lot  of  pressure 

must  be  applied. 

2.  Match  the  improper  use  of  a  file  (column  A)  to  the  condition  it 
will  cause  (column  B). 

Column  A  Column  B 

  1.      Insufficient  pressure  a.  irregular  cut 

2.      Excessive  pressure  b.  dulled  nesth 

c.  broken  file 


Answers  to  Frame  18:       1.    F    *  2.    T     3.  T 
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Frame  20 


When  you  use  a  file  you  will  get  aoiall  chips  or  filings »  Filings 
often  wedge  between  the  file  teeth  and  reduce  the  cutting  action. 
Clean  a  file  by  brushing  it  with  a  wire  brush,  called  a  flic  card 
(see  figure  below).    Push  the  file  card  in  a  direction  parallel  with 
the  file  teeth.    The  reverse  side  of  the  file  card  contains  a  fiber 
brush.    It  is  used  for  brushing  the  file  after  carding.    A  aetal 
pick  may  be  removed  from  the  handle  of  the  file  card.    The  pick  aids 
in  removing  metal  filings  that  cannot  be  rewved  otherwise.  After 
cleaning  a  file  it  should  be  wrapped  in  cloth  or  paper  and  placed  in 
your  toolkit.    Wrapping  protects  the  teeth. 


a 


CARD 


a 


1.     Check  (/)  the  true  statements  beJow. 

  1.    To  clean  a  file,  use  the  card  before  the  fiber  brush. 

  2.    Files  should  be  cleaned  and  wrapped  after  use. 


Answers  to  Frame  19:    1.    1.    F     2.    T  3. 

2.    1.    B     2.  A 


4.  F 
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Frame  21 


Hacksaws,  used  for  cutting  matal,  have  either  adjustable  frames 
or  solid  frames.    Adjustable  frames  can  be  changed  to  hold  blades  from 
eight  to  sixteen  Inches  In  length.    Solid  framea,  although  more  rigid, 
will  take  only  the  blade  length  for  which  they  are  made*    The  length 
Is  the  distance  between  the  two  pins  which  hold  the  blades  In  place. 
These  pins  can  be  adjusted  within  the  frame  to  hold  the  blade  parallel 
to  or  at  right  angles  to  the  frame*    To  make  a  cut  deeper  than  the  frame 
will  permit,  the  blade  Is  turned  sideways  (at  right  angles  to  the  frame). 
All  frames,  either  solid  or  adjustable,  have  adjustment  screws  for 
drawing  the  blade  tight. 

1.     Match  the  Iters  lettered  In  the  drawing  on  the  right  with  the 
parts  of  the  hacksaw  as  listed  on  the  left. 

  1.  Frame 


2.  Handle 

3.  Blade 


Answers  to  Frame  20:     1.  1.  /        2.  / 
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Frame  22 


The  drawings  below  show  the  way  to  pick  saw  blades  that  are  the 
most  suitable  for  a  job.    Study  the  dra..':ngs  carefully  and  then  answer 
each  of  the  following  statements  as  beiug  either  true  (T)  or  false  (F). 


IKIH  lOO.SMAU-         TKTH  COARSE  THTM-  TWO  Oft  MORE 

NO  CMP          TOO  COARSE-  AMPIE  CHIP  TEETH  ON 

OCARANa-           STRAOOUS  OEARANa  METAl 
TEETH  aOG  WORK 

WRONG  -  MGHT 


Hacksaw  blades  are  available  with  different  numbers  of  teeth 
per  inch. 

When  cutting  thin  materials  with  a  hacksaw  a  large  toothed 
hacksaw  blade  should  be  used. 

When  cutting  large  stock  with  a  hacksaw  a  small  toothed  hack- 
saw blade  should  be  used. 


Answers  to  Frame  21:    1.    l._B_   2.  C     3.  A 
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Frame  23 


The  drawing  below  shows  the  right  way  to  mount  a  blade  In  the 
frame. 


When  you  use  the  hacksaw^  always  apply  pressure  on  the  forward 
stroke.  This  is  necessary  because  the  cutting  teeth  of  the  hacksaw 
blade  point  forward.  The  teeth  do  not  cut  on  the  back  stroke;  thus 
you  should  not  apply  pressure  on  the  back  stroke. 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F)« 

  1.     When  using  a  hacksaw »  pressure  is  applied  to  the  saw  on  the 

forward  stroke  only. 

  2.     Hacksaw  blades  are  replaceable. 

  3.      Some  hacksaw  frames  are  adjustable  for  different  blade  lengths. 

  A.      Hacksaw  blades  are  installed  in  the  frame  with  the  teeth 

pointing  backward  (toward  the  handle). 


Answers  to  Frame  22:      1.  T      2.  F     3.  F 
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Frame  24 

,Th^  use  of  a  hacksaw  Is  much  ll^e  the  use  of  a'  flle^  The 
work  should  be  held  rigid.    The  cutting  stifoke  should  be  as  long  as 
possible.    There  should  not  be  over  60  strokes  per  minute.  Pressure 
should  be  applied  on  the  forward  stroke  only. 

Th^  blade  shoulfd  bd  kept  stralg^lt  and  In^lln^  with  the  cut',  others 
wise  th4  blade  m£^  be  cramped  and  broken.    When  th^  work  Is  nearly  cut 
through,  th^  pressure  oh  the  saw  should  be  taken  osi.    Thld^  stops  the 
teeth  frdm  catching.    Special  ca^e  is  needed  toward  the  ex^d  of  d  cut 
through  thiii  material.    Whei/ cutting  very  thiii  sto^,  it  is  wis^e 
t6  cla^p  th^  woi^k  between  twx^  p^^ces  of  wdbd  and  saw  through  all  three 
pieces.    Thi^  prevents  chattering  a9^  possible  damage  t6  the  work. 

This  chief  danger  when  using  the  hacksaws       injury  to  the  hai'id, 
should  the  blad^  break,  and/^they  do  break.    The  blade  will  break  if  the 
user  bears  down  too  hard  on  the  cut  or  does  not  push  the  saw  in  a 
straight  line.    If  the  work  is  not  held  tight  in  a  vise  it  may  slip, 
^   twisting  the  blade  enough  to  break  it. 


WRONG 

TOO  GREAT  FORCE  BREAKS  BLADE 


RIGHT 

COIIECT  rOlCE  ItAOE  CUTS 
ON  fOlE  3TIOKE  ONiY 


Check  (/)  the  true  statements  b^.low. 

  1.      The  cutting  stroke  should  be  as  short  as  possible. 

  2.      Most  of  the  force  you  exert  on  a  hacksaw  should  be  downward. 


3.      The  greatest  danger,  when  using  a  hacksaw,  is  when  the  blade 
breaks. 


Answers  to  Frame  23:      1.  T     2.  T      3.  T     4.  F 
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Frame  25 


The  cold  chisel  gets  its  name  from  the  fact  that  it  can  be  used 
to  cut  "cold"  metal  (without  first  softening  the  metal  by  heating). 
Chisels  are  made  in  a  variety  of  shapes,  suited  for  different  types 
of  work.    The  figure  below  shows  three  types  of  chisels* 


1*     Match  the  item  below  with  the  correct  nomenclature, 

  1.      Chisel,  cold,  hand,  3/4-inch  wide  cut,  7  inches  long, 

  2.      Chisel,  cape,  hand,  3/ 8- inch  wide  cut, 

  3.      Chisel,  diamond  point,  hand. 


Answers  to  Frame  2A:     1.   2.  3.  / 
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Frame  26 

Match  each  chisel  in  Column  B  with  the  correct  use  In  Column  A« 
Column  A  Column  B 


1.     To  cut  narrow 

grooves  In  metal. 


2.  To  cut  'V" 
grooves  In 
roetal. 


3.      To  cue  the 
heads  off 
rivets . 


! 


A   Diamond  point 
chisel • 


B    Flat  chisel, 
(cold) 


C    Cape  chisel. 


Answers  to  Frame  25:    1.  1.  C     2.  B     3.  A 
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Frame  27 


Hammering  on  a  chisel  may  cause  its  head  to  be  mushroomed  (see 
figure  below),    A  chisel  in  this  shape  should  not  be  used.    The  bent-- 
over  edges  may  break  off  and  hurt  you. 

The  chisel  at  the  left  is  badly  mushroomed*    The  one  in  the  center 
is  slightly  mushroomed.    Both  chisels  should  be  dressed  until  they  are 
in  the  condition  shown  at  the  right* 


1.  Answer  the  following  statement  as  being  either  true  (T)  or  false  (F), 

  !•      A  chisel  with  a  mushroomed  head  should  be  dressed  on  a  grinding 

wheel  to  remove  all  cracks  and  rolled  over  edges. 

2.  Match  each  chisel  in  column  B  with  the  correct  use  in  column  A. 


Column  A 

1.  Used  to  cut  off  rivet  heads » 
cut  sheet  metal,  and  to  split 
nuts* 

2.  Used  for  cutting  narrow 
grooves  in  metal. 

3.  Used  for  cutting  "V"  grooves 
and  squaring  corners  in  metal* 


Column  B 

a.  Flat  chisel 

b.  Cape  chisel 

c*    Diamond  point  chisel 


Answers  to  Frame  26:     1.  C     2.  A     3.  B 
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Frame  28 


Punches  are  made  of  the  same  material  and  need  the  same  care  as 
do  cold  chisels.  The  work  for  which  they  are  best  suited  depends  on 
their  shape.  The  Illustrations  and  descriptions  show  three  types  of 
punches. 

The  center  punch  has  a  The  pin  punch  has  a  The  drift  punch  has  a 
sharp  "pointed"  end.        straight  point.  tapered  point. 


©        ©  © 

1.     Match  the  items  illustrated  above  with  the  nomenclature  listed 
below: 

 1.     Punch,  center,  solid,  3/8-inch  diameter. 

  2.     Punch,  drive  pin,  straight  point,  1  1/2-inch  long, 

5/32-inch  diameter. 

  3.     Punch,  drift,  taper  1  1/2-inch  long. 


Answers  to  Frame  27;      1.  1.  T 

2.  1.^    2.  B  3._C 
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Frame  29 


1.     Match  each  punch  listed  In  Column  B  with  the  correct  use  shown  in 
Column  A* 


Column  A 

1*     Aligning  parts  for  aasMbly^ 


2.     Driving  rivets  or  bolts  out 
of  holes* 


3*     To  mark  the  locations  of 
holes  to  be  drilled* 


Column  B 
(a)  Pin  punch* 

Drift  punch* 
^)  Center  punch* 


IE 
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Frame  29  Continued 

2.      Match  each  tool  in  column  B  with  the  proper  use  in  column  A» 


Column  A 

1.  For  driving  bolts  or  rivets 
out  of  holes* 

2.  For  marking  the  location  of 
holes  to  be  drilled  in 
metal* 

3.  To  align  bolt  holes  of 
parts  for  assembly. 

4.  For  cutting  "V"  grooves 
in  metal. 

5.  For  cutting  narrow  grooves 
in  metal. 

6.  For  cutting  the  heads  off 
rivets  and  for  splitting  nutt 


Column  B 

A.  Pin  punch 

B.  Flat  chisel 

C.  Drift  punch 

D.  Diamond  point  chisel 

E.  Center  punch 

F.  Cape  chisel 
F.  Cape  chisel 


Answers  to  Frame  28:      1.  1.  A      2.  B      3.  C 
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Frame  30 


If  you  miss  any  of  the  following  questions,  go  back  and  review 
the  appropriate  frame. 

1.     The  part  of  the  file  used  wJ.en  filing  is  called  the 

a.  file  heel.  c.    file  face. 

b.  file  tang.  d.    file  point. 


2.  The  above  pictured  file  is  called  a 

a.  half-round  file.         c.    taper  file. 

b.  rattail  file.  d.    flat  file. 

3.  The  file  best  suited  for  sharpening  saw  blades  is  called  a 

a.  taper  file.  c.    round  file. 

b.  rattail  file.  d.    half-round  file. 

4.  Rows  of  teeth  on  a  file  that  criss-cross  each  other  are  called  a 

a.  bastard  grade  file.    c.    single-cut  file. 

b.  smooth  grade  file.      d.    double-cut  file. 

5.  A  file  is  properly  used  when 

a,  only  slight  pressure  is  applied  on  the  forward  stroke. 

b.  even  pressure  is  applied  on  both,  the  forward  and  backward 
strokes. 

c.  a  smooth,  firm,  forward  stroke  is  used. 

d,  a  lot  of  pressure  is  applied  on  the  forward  stroke,  slight 
pressure  is  applied  on  the  return  stroke. 


ERLC 
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Frame  30  Continued 


6, 


The  above  illustration  represents 
a.     an  adjustable  hacksaw, 
b*      a  solid  frame  hacksaw. 

c.  a  jig  saw. 

d.  a  band  saw* 

The  tooth  points  on  a  hacksaw  blade  must  \ 

a«     be  coarse  enough  to  straddle  the  work. 

b*     be  very  small  in  order  to  clear  the  chips  away, 

c.  face  backwards »  towards  the  handle. 

d.  face  forwards »  towards  the  tip  of  the  saw. 

3A» 


8«      The  above  chisel  is  called  a 

a.  cape  chisel.  c.  diamond  point  chisel 

b.  cold  chisel.  d.  drift  chisel. 

9.     To  cut  a  "V"  groove  in  metal,  you  use  a 

a«      hacksaw.  c.  diamond  point  chisel, 

b.      flat  chisel.  d.  chassis  chisel. 


10.    The  above  tool  is  called  a 

a.  drift  punch.  c.     center  punch. 

b.  pin  punch.  d.      chassis  punch. 

38 
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11*    The  above  tool  is  called  a 

a*     drift  punch*  c.      center  punch* 

b.     pin  punch.  d.     chassis  punch* 

12.    To  mark  the  locations  of  holes  to  be  drilled^  you  use  a 
a*     pin  punch.  c.     center  pnnch. 

b.      drift  punch.  d,      chassis  punch* 

13*    To  drive  rivets  or  bolts  out  of  holes,  you  use  a 

a.  pin  punch.  c.      center  punch. 

b.  drift  punch.  d.      chassis  punch* 

14.    Chisels  and  punches  tha*"  have  become  mushroomed  should  be 

a.  used.  c.      turned  in  for  a  new  one* 

b.  thrown  away.  d*      dressed  on  a  grinding  wheel* 


Answers  to  Frame  29:    1.  1.  B     2>  A     3.  C 

2.  1.^    2._E_    3._C_   4.J3_   5*_F_   6.  B 
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Section  III 


Frame  31 


Pliers  can  be  defined  as  tools  designed  to  hold  parts.    They  are 
made  up  of  two  pieces  of  steel  pivoted  off  center.    The  application  of 
pressure  to  the  ends  farthest  from  the  pivot  poiat  will  yield  consi- 
derably more  pressure  at  the  end  ne^r  the  pivot  point.    Sach  of  the 
different  types  of  pliers  available  in  the  shop  are  made  for  one 
specific  use.    They  should  not  be  used  as  hamners  or  to  remove  and 
insert  nuts  and  bolts.  ' 


NO  RESPONSE  REQUIRED 


Answers  to  Frame  30; 

Question  No        Answer     Review  Frame 


1.  c  15 

2.  B  16 

3.  A  16 

4.  D  17 

5.  c  19 

6.  A  21 

7.  D  23 


Question  No      Answer     Review  Frame 


8.  B  25 

9.  c  26 

10.  B  28 

11.  A  28 

12.  c  29 

13.  A  29 

14.  -  D  27 
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Frame  32 


UAW  SERRATIONS 


,  These  are  known  as  combination  pliers.    They  have  been  called 
gas    or    common    pliers  in  the  past.    Combination  plierg  are  used 
to  hold  or  bend  small  pieces  of  metal  to  the  shape  desired.  Combination 
pliers  have  a  slip  joint  that  allows  the  jaws  to  be  adjusted.  This 
makes  it  possible  to  adjust  the  combination  pliers  so  that  they  can  be 
used  to  grip  different  sized  objects. 

Combination  pliers  may  be  used  for  many  general  operations  but 
must  never  be  used  on  nut  and  boltheads.    To  do  so  may  damage  the  nut 
or  bolt,  and  may  damage  the  plier  jaw  serrations.    Pliers  usually  mar 
the  surface  of  any  material,  so  be  careful  when  using  the  tools. 


YES  NO 


Check  (  /  )  the  true  statement(s)  below. 

  Combination  pliers  can  be  adjusted  to  fit  various  size  objects. 

^       2.      Combination  pliers  may  be  used  to  loosen  a  nut,  provided  you 

are  careful. 

  3.      Plier  jaw  serrations  are  sharp,  and  may  damage  material  on 

which  they  are  used. 
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Frame  33 


The  pliers  shown  above  are  called  chain  long  nose  pliers .    They  are 
commonly  referred  to  as  needle-nose  pliers.    These  pliers  are  used  to 
hold  small  parts;  reach  into  spots  where  the  hand  can't  get;  make 
fine  adjustments;  and  to  form  loops  in  electrical  wire.    The  pliers 
may  have  various  lengths  of  jaws  and  the  jaws  may  be  either  round  or 
half-round  as  shown  in  the  drawings. 


Round 
long  nose 
pliers 


Jaws 


Htlf-rcund 
long  nose 
pliers 


Jaws 


Check  (  /  )  the  true  statement(s)  below. 

 1.      Needle-nose  pliers  have  a  jaw  that  forms  to  a  point. 

 2.      All  long-nose  pliers  have  half-round  Jaws. 

  3.      Needle-nose  pliers  have  slip-joints  for  size  adjustments. 

  4.      Long-nose  pliers  are  frequently  used  to  form  loops  in 

electrical  wire. 


Answers  to  Frame  32  s      1.    v'^  2. 


3.  / 
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Frame  34 


A  pair  of  duckbill  pliers  are  shown  above.    They  are  used  almost 
exclusively  when  you  are  working  with  safety  wire.    The  pliers  have 
Jaws  that  are  long  and  flat»  as  shown  in  the  drawing  below* 


Check  (  /  )  the  true  statement(s)  below, 

  1.     Duckbill  pliers  have  round  jaws, 

  2»     Duckbill  pliers  have  a  squared  jaw  tip, 

  3.     Duckbill  pliers  have  the  same  jaws  as  needle-nose  pliers. 


4.     Duckbill  pliers  are  commonly  u»ed  when  working  with  Ji^ety 
wire. 


Answers  to  Frame  33:     1.  / 


2. 


3. 


4.  / 
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Frame  35 


The  pliers  shown  above  are  diagonal  cutting  pliers  or  nore 
cowmonly  known  as  *My kes" ,    The  jaws  have  cutting  edges  used  to 
cut  safety  wlre^  small  electrical  conductors  or  to  remove  cotter 
pins. 


Diagonal  cutters  are  only  used  to  cut  small  size  wire.  These 
pliers  can  be  easily  damaged  and  should  not  be  used  to  cut  nails  or 
similar  objects.    The  wire  to  be  cut  should  be  placed  as  closrj  to  the 
pivot  of  the  cutting  jaws  as  possible  and  not  at  the  points.  This 
reduces  the  tendency  to  spring  the  jaws  apart.    Once  the  jaws  are 
spread  apart  it  is  hard  to  cut  small-sized  wire.    When  using 
diagonal  cutters,  the  inside  of  the  cutting  jaws  should  be  pointed 
away  from  the  user's  face  to  prevent  injury  from  flying  clippings. 

Check  (  /  )  the  true  statement(s)  below. 

  !•      Diagonal  cutting  pliers  are  also  referred  to  as  dykes. 

  2,      When  using  diagonal  cutters,  cut  with  the  tip  or  point  of 

the  jaws. 

  3,      A  common  hazard  is  flying  objects  when  using  diagonal 

cutters  incorrectly. 

  4,      Duckbill  pliers  and  diagonal  cutting  pliers  are  commonly 

used  when  working  with  safety  wire. 

  5.      Diagonal  cutting  pliers  are  used  to  cut  small  wires. 


Answers  to  Frame  34:     1.    2.    /        3.    4.  / 


Jaws 


Cutting  edges 
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Frame  36 


0 


flh^  pliers  shot^  abovp  avft^ technically  knoi^n  as  water  pump 
packing  nut;  pliers,    The/were^  given  thi^  naro^  because  af-  the'  purpose 
thpy  we;re  f it^t  designed  t6  ser<re;  tightening  th^  nir£  compressing 
th^  packing  material  around  the<water  pump  driver' sha£<f  on^ very  early 
model  cai^^.    Now^we^call  thqfl  jus^water  pug^  pliers. 

They  are"  adjustable  so  as'  to  gri-jS  lar^  or  small  objects,  Th^lr 
long  handles  maKe  possible  s(  very  strCng  gAp.    Their  straight  jaws 
givXonly  twc^"  poiat^  of  contact  wheiif  usid  oiflarg^  rouiiS  objects. 
Because  of  thi^  the/  are  likely  to  sl±^, 

Th^slii^  Joi^  feature  th^  water  pun^  pliers  mak<^  th^ 
adjustable,  fl^o  that  different  sizes  odf  materials  dan  be  handled 
with  them<" 


Check  (  /  )  the  true  statement(s)  below. 

  1.      Water  pump  pliers  are  adjustable  in  size. 

  2.      Water  pump  pliers  grip  large  objects  firmly  because  the  jaw 

teeth  provide  complete  corr.act  around  the  object  to  be  gripped. 


3.      The  long  handles  on  the  water  pump  pliers  allow  for  a  more 
powerful  grip. 


Answers  to  Frame  35:      1.   2.    3.   4.      /       5.  / 

45 

170 

ERIC 


Pr«ft  37 


CONDUIT  fliCtS 


The  pliers  shown  above  ar^  know&  as  conduit  filers*  Sometlaesy 
they  call  theft  cannon  plu|j{^  plters>    If  yo^  compare  th^  water  pump 
pliers  with  the^condult  pliers,  tKejr  arer' almost  th^  san^e/  There 
are  two  main  difference^*    rhe  conduit  pliers  allow  for  a  much  larger 
grip*    See  how  the  jaws  are  curved*    Alio,  the  teeth  of  the  jaws 
will  grip  the  object  firmly*    See  .how  the  jaw  teeth  go  all  the  way 
to  the  pivot  point  of  the  jaw^    The  teeth  of  the  conduit  pliers  thus 
give  contact  all  the  way  around  the  object  to  be  gripped*  Conduit 
pliers  are  used  to  loosen  or  tighten  electrical  conduit  nuts  or 
connections  and  cannon  plugs* 


Check  (  /  )  the  true  statement(s)  below. 

 1.     Conduit  pliers  have  a  slip  joint. 

  2.     Conduit  pliers  allow  for  a  large  grip, 

  3»     Conduit  pliers  are  Identical  to  water  pump  pliers. 

  Conduit  pliers  have  teeth  around  the  Qon;>lete  gripping 

surface  of  the  jaws. 


Answers  to  Frame  36:     1.    /        2.    3.  ✓ 
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Frame  38 

The  last  pliers  we  want  you  to  know  is  the  wrench  pliers,  shown 
below* 


ADJUSTABLE 
JAWS 


,-ADJUSTING  NUT 


LOCKING  HANDLE 


This  tool  is  commonly  known  as  vise  grips,  for  it  is  a  combination 
of  a  wrench,  a  plier,  and  a  vise.-  The  adjustable  jaws  can  be  set  by  >^ 
turning  the  adjusting  nut  at  the  end  of  one  handle.    When  adjusted 
and  the  locking  handle  drawn  into  the  locked  position,  it  is  like 
having  the  work  locked  in  a  vise. 

You  must  take  care  not  to  use  this  tool  on  any  machined  surface 
that  could  be  ^larred  by  the  teeth  of  the  vise  jaws.    The  jaws  can  and 
will  mark  the  >iurface  of  the  material  on  which  it  is  clamped. 

This  tool  is  handy  for  removing  broken  bolts  when  part  of  the 
bolt  is  still  projecting. 

1.     Check  (/)  the  true  8tatement(s)  below. 

  1.    Wrench  pliers  hold  the  work  like  vise  grips. 

  2.    Wrench  pliers  have  a  slip  joint  for  size  adjustment. 

  3.    The  locking  handle  must  be  drawn  in  the  locked  position 

for  the  work  to  be  locked  in  the  jaws. 


Answers  to  Frame  37:    1.     /      2.      /      3.   4.   / 
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Frame  39 


Pliers  are  made  ixi  a  wide  range  of  sizes  so  not  to  overstrain 
and  perhaps  break  something.    Judgment  must  be  used  to  pick  pliers 
heavy  and  large  enough  for  the  Job  at  hand.    Do  not  use  pliers  as 
wrenches  to  tighten  or  loosen  nuts.    Pliers  will  damage  the  flats 
or  round  off  the  comers  of  nuts  or  bolts. 

When  cutting  wire  which  is  springy  or  under  tension,  caution 
must  be  used.    Tne  wire  will  try  to  whip.    To  stop  this,  one  end 
of  the  wire  should  be.  held  securely  and  your  body  turned  or 
shielded  from  the  loose  end. 


There  is  a  common  tendency  among  inexperienced  mechanics  to  use 
pliers  as  all-purpose  tools.    The  pliers  are  intended  to  aid  the 
mechanic  when  installing  and  removing  safety  wire  and  cotter  pins;  to 
held  those  materials  which  the  hand  alone  is  not  strong  enough  to  hold- 
and  to  hold  materials  which  are  hot,  such  as  connections  being  soldered. 

Check  (  /  )  the  true  statement (e)  below. 

  1.  Pliers  take  the  place  of  a  wrench,  if  no  wrench  is  handy. 

  2.  Pliers  can  be  considered  as  an  all-purpose  tool. 

  3-  You  must  use  judgement  when  selecting  pliers. 


Answers  to  Frame  38:     1.  1.    /        2.    3.  / 
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Frame  AO 

Answer  the  following  questions  concerning  pliers.    After  checking 
the  answers  at  the  end  of  the  next  frame,  and  if  you  missed  any 
questions,  review  the  appropriate  frames. 


1.      The  above  pliers  are  referred  to  as 

a.  water  pump  pliers.  c.    combination  pliers, 

b.  conduit  pliers.  d-    """^h  pliers. 


2.      The  above  pliers  are  referred  to  as 

a.  duckbill  pliers.  c.    combination  pliers, 

b.  needle-nose  pliers.  d.    conduit  pliers. 


3.      The  above  pliers  are  referred  to  as 

a.  needle-nose  pliers.  c.    combination  pliers. 

b.  long-nose  pliers.  d.    duckbill  pliers. 
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Frame  40  Cont'd 


4,     The  above  pliers  are  often  referred  to  as 

a.  dykes.  c.    vise  grips. 

b.  combination  pliers.  d.    wrench  pliers. 


The  above  pliers  are  often  referred  to  as 

a.  conduit  pliers.  c.    water  pump  pliers. 

b.  cannon  plug  pliers.  d.    wrench  pliers. 


6.  The  above  pliers  are  often  referred  to  as 

a.  wrench  pliers  c.    conduit  pliers. 

b.  combination  pliers.  d.    water  pump  pliers. 

7.  Combination  pliers  are  commonly  used  to 

a.  tu'     a  nut.  c.    bend  a  piece  of  metal. 

b.  cut  ^  wire.  d.    tighten  a  bolt. 
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Frame  40  Continued 
8.     To  form  loops  in  electrical  wire,  you  would  use 

a.  duckbill  pliers.  c.    wrench  pliers. 

b.  dykes.  d.    needle-nose  pliers. 


9.     Dykes  are  commonly  used  to 

a.  bend  a  piece  of  metal. 

b.  cut  a  small  wire. 


c.  turn  a  bolt. 

d.  hold  a  pipe. 


10.    To  loosen  a  cannon  plugy  you  would  use 

a.  water  pump  pliers.  c.    wrench  pliers. 

b.  conduit  pliers.  d.    combination  pliers. 


Answers  to  Frame  39:  1. 


2. 


3.  / 
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Section  IV 


Socket  sets,  as  shown  in  the  illustration,  are  made  up  of 
different  combinations  of  handles,  adapters,  universal  joints,  and 
sockets.    Where  applicable  and  practical,  a  socket  wrench  is  the  best 
tool  for  removing    nuts  and  bolts.    They  should  be  the  mechanics 
first  choice  of  wrenches.    However,  when  reassembling  parts  of  an 
aircraft  or  engine,  the  socket  wrench  shotild  be  used  with  caution. 


Answer  each  of  the  following  statements  as  either  trut  (T)  or  false  (F). 

  1.      The  socket  set  should  be  the  mechanics  first  choice  of  wrenches, 

  2.      The  socket  set  is  made  up  of  a  variety  of  handles,  extensions, 

universal  joints,  and  a  variety  of  sizes  •>£  sockets. 

  3,     The  socket  wrench  is  the  best  tool  for  removing  nuts  and  bolts 

wherever  practical. 


Answers  to  Frame  40: 

Question  No       Answer     Review  Frame    Question  No     Answer    Review  Frame 


7. 

8. 

9. 

10. 

A 
C 
D 
B 
B 


38 
32 
33 
35 
37 
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Frame  42 


9 


Where  applicable  and  practical,  the  socket  wrench  set  is  the  best 
tool  for  removing/installing  nuts  and  bolts.    However,  the  set  ohould 
be  used  with  caution.    The  available  handles  are  interchangeable. 
They  are  made  long  enough  to  enable  the  mechanic  to  tighten  the 
largest  nuts  or  bolts  without  undue  strain.    If  a  long  handle  is  used 
while  turning  a  small  nut  or  bolt,  there  is  the  possibility  that  enough 
twisting  force  (torque)  viir  be  exerted  to  strip  the  threads  or  pull 
the  bolt  in  two.    However,    f  the  user  holds  the  handle  near  the 
socket,  instead  of  at  the  e.id  of  the  handle,  a  long  handle  may  be  used 
satisfactorily. 

Some  of  the  more  commonly  used  accessories  and  handles  for  use 
with  the  socket  wrench  set  are  shown  in  the  illustration  above.  Our 
experience  has  lead  us  to  conclude  that  everybody  needs  to  have  a  few 
words  of  explanation  concerning  the  purpose,  care,  and  use  of  some  or 
all  of  these  tools. 

Check  (  /  )  the  correct  statement (s)  below. 

  Socket  wrench  handles  are  interchangeable. 

  2»      The  larger  the  handle,  the  more  torque  can  be  obtained. 


Answers  to  Frame  41:     1.  T     2.  T     3.  T 
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Frame  43 


Sockets  are  used  with  a  variety  of  handles.    It       this  variety 
that  makes  sockets  the  first  choice  of  wrenches.    If  the  work  area  has 
plenty  of  room  or  "swing  space"  the  speed  handle  should  be  used  to 
remove  nuts  or  bolts  quickly.    The  speed  handle  is  held  with  one  hand 
and  the  crank  is  held  with  the  other  hand.    The  long  neck  of  the  speed 
handle  allows  access  to  recessed  nuts  or  bolts. 


Answer  the  following  statements  as  either  true  (T)  or  false  (F). 

 The  speed  handle  is  used  where  the  turning  radius  is  limited. 

  2.     Nuts  and  bolts  can  be  removed  quickly  with  a  speed  handle. 


Answers  to  Frame  42:    1.     /      2.  / 
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Frame  44 


Sometimes  a  lot  o£  leverage  Is  required  to  move  a  stubborn  nut* 
The  hinge  handle  can  provide  this  leverage.  This  handle  is  so  named 
because  it  is  designed  like  a  door  hinge* 


The  hinge  handle  is  the  strongest  handle  in  the  toolbox.  Because 
of  th^s,  it  is  used  to  break  loose  stubborn  nuts  and  bolts.    To  -^en 
a  nut,  the  handle  can  be  used  at  right  angles  to  the  socket  for 
straight  pull.    This  is  shewn  in  the  figure  below.    If  this  is  not 
possible,  an  angled  pull  may  be  used.    After  the  nut  is  loosened,  the 
handle  can  be  moved  on  its  hinge  to  the  vertical  position  and  twisted 
by  the  fingers  to  remove  the  nut. 


55 

ISO 


Frame  44  Continued 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F). 

 1.     The  hinge  handle  can  be  used  for  a  straight  (90  degree)  pull 

if  desired. 

  2.      The  hinge  handle  will  provide  any  angle  of  pull  desired. 

  3.      Tight  or  ''stubborn**  nuts  or  bolts  should  be  loosened  with  the 

hinge  handle. 


Answers  to  Frame  43:      1.    F     2.  T 
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One  of  the  most  useful  handles  is  called  a  ratchet  bandle.  (See 
above  figure).    This  handle  can  be  used  to  either  tighten  (put  on)  a 
nut,  or  loosen  (take  off)  a  nut.    The  figure  below  shows  a  ratchet 
handle  set  to  tighten  (put  on)  a  nut.    Many  ratchet  handles  don't 
have  the  direction  of  the  turn  marked.    These  handles  require  a  check 
to  see  in  which  direction  (way)  they  are  set  to  turn.    By  grasping  the 
handle  in  one  hand  and  the  drive  in  the  other,  you  can  quickly  determine 
which  way  nhe  ratchet  will  turn  or  drive.    This  handle  allows  you  to 
tighten  or  loosen  a  nut  in  a  limited  space  without  having  to  remove  and 
reposition  the  socket  on  the  nut.    The  handle  slips  (ratchets)  one  way, 
but  will  not  slip  the  other  way.    To  change  the  setting  of  the  ratchet, 
merely  move  the  control  lever  to  its  other  position. 


Never  use  a  ratchet  handle  to  break  nuts  or  bolts  loose.    Using  a 
solid  handle  or  a  box-end  wrench  will  avoid  damo&ing  the  ratchet  handle. 

Answer  the  following  statements  as  either  true  (T)  or  false  (F). 

  1.      The  ratchet  handle  drives  in  one  direction  and  slips  in  the 

other. 

  2.      When  you  can't  get  a  straight  puil  on  a  nut,  the  ratchet 

handle  will  permit  an  angled  pull. 

  3.      The  ratchv..  handle  can  be  operated  without  having  to  raise 

the  socket  off  the  nut  for  another  "bite". 


Answers  to  Frame  44:      1;  T     2.  T     3.  T 
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Frame  46 


The  T-handle  is  yet  another  type  of  handle  used  for  drivJim 
tlli^l^'.  possible  to  put  on  the  same  force  with 

J;  ^w"?K  i«  ^  the  center.    Another  ads  ntage 

is  that  the  turning  radius  is  smaller  than  that  needed  with  other 
handles,  as  shown  in  the  Ulustration  below.    "R"  shows  the  radius 
for  the  T-handle.    "X"  shows  the  radius  needed  for  another  type  of 


T  "  HANDLE  ^J^C 


\ 

— SOCKET  y 


Check  (  ✓  )  the  correct  statement (s)  below. 

  1.      Both  hands  can  be  used  to  apply  equal  force  to  the  "T"  handle. 

  2.     A  large  turning  radius  is  required  to  use  the  "T"  handle. 

  3.     When  you  use  a  socket  you  should  use  a  hinge  or  "T"  handle 

to  loosen  a  "tight"  nut. 


Answers  to  Frame  45:     1.  T     2.  F     3.  T 
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Frame*  47 


EXTENSION 


□ 


SOCKET 


h.nHit^^w'T^^""!,'  "^^"^  "^''^  something  longer.  If  the  socket 
handle  that  Is  used  Is  not  long  enough  to  reach  to  the  nut  or  bolt 

St^n^!on«°"  ''^       put  between  the  socket  and  Its  driving  handle/ 
Extensions  are  made  In  different  lengths.    We  even-  have  flexible 
extensions  that  further  increase  the  useability  of  the  socket  wrench 


Check  (  /  )  the  correct  Ptatement(s)  below. 

  1'      The  socket  extension  should  always  be  used  with  the  ratchet 

handle. 

  2.      An  extension  is  used  between  the  socket  and  the  socket  handle 

to  reach  nuts  and  bolts  at  various  lengths.  ^ 


Answers  to  j?'rama  46:     1.     ✓        2.  3.  / 
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I      Universal  means  "all".    VJith  the  universal  joint,  you  can  apply 
ffc>rce  in  all  directions.    Since  the  universal  joint  is  intended  to  be 
ujsed  between  the  socket  and  the  socket  handle,  it  has  a  male  end  and  a 
female  end.    To  turn  a  nut  located  in  a  hard-to-get-at  place,  you  would 
yse  «  vsnivcraal  joint  as  illustrated  below. 


Check  (  /  )  the  correct  statement(s)  below. 

  1.     Universal  joints  permit  work  where  a  straight  wrench  cannot 

be  used. 

  2.      Universal  joints  have  two  male  ends. 

  3.      Universal  joints  can  apply  force  in  all  directions. 


Answers  to  Frame  47:     1.    2.  / 
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Frame  49 


Identify  the  above  tools  by  writing  their  respective  letters  next 
to  their  nomenclature  in  the  space  provided. 


1. 

Ratchet  handle 

2. 

Extension 

3. 

Speed  handle 

4. 

"T"  handle 

5. 

Hinge  handle 

6. 

Universal  joint 
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Frame  49  Continued 


2. 


Match  each  tool  In  column  B  with  the  proper 
Column  A 


1.  When  the  fast  removal  or 
replacement  of  nuts  and  bolts 
is  required,  and  the  swing 
arc  is  not  limited. 

2.  For  breaking  nuts  and  bolts 
loose  and  to  permit  the 
freedom  of  any  angle  of 
pull  desired. 

3#    To  tighten  or  loosen  a  nut, 
without  having  to  remove  and 
reposition  the  socket  on  the 
nut. 

4#    When  the  turning  radius  is 
small  or  when  a  nut  or  bolt 
must  be  reached  through  a 
bulkhead. 


A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 


use  in  column  A, 

Column  B 
T-handle 
Ratchet  handle 
Speed  handle 
Hinge  handle 
Socket 
Extension 
Universal  joint 
Adapter 


5.  Used  if  the  socket  handle 
drive  isn't  long  enough  or 

if  the  working  area  restricts 
the  movement  of  tools. 

6.  Used  betwe  en  the  socket  and 
the  socket  handle,  to  reach 
nuts  and  bolts  at  various 
angles . 


Answers  to  Frame  48:      1.  / 
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Frame  50 


Your  toolkit  will  have  several  sockets  to  fit  various  sizes  of 
nuts  and  handles.    The  first  choice  of  experienced  mechanics,  when 
faced  with  the  tightening  or  loosening  of  nuts  and  bolts,  is  the 
socket  wrench*    One  reason  for  his  choice  is  that  sockets  have  more 
contact  area  and  are  less  likely  to  slip.    Most  sockets  in  use  in  the 
Air  Force  have  12  gripping  points.    Repositioning  of  the  socket  for 
another  turn  is  ^sy  since  the  socket  will  fit  on  a  nut  or  bolt  in 
many  different  positions. 


Sockecs  are  not  adjustable.    They  come  in  sets  and  each  individual 
socket  will  fit  only  one  size  nut  or  bolt.    The  size  nut  or  bolthead  a 
socket  will  fit  is  plainly  stamped  into  the  side  of  each  socket.  The 
illustration  above  shows  a  socket  that  will  fit  a  9/16  inch  bolt  or 
nut  head. 


The  square  opening  in  the  head  of  a  socket,  where  the  driving 
handle  is  attached,  is  called  the  female  drive>  illustration  above. 
Sockets  are  not  only  sized  according  to  the  size  nut  or  bolt  they 
will  fit,  but  also  by  the  size  of  the  drive  that  is  used  to  turn  them. 
Standard  drives  in  common  use  are  1/A",  3/8",  and  1/2". 


DRIVE 
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Fraine  SO  Continued 


Another  thing  to  be  considered  when  sizing  sockets  is  the  depth* 
In  order  to  reach  a  nut  turned  way  down  on  a  long  bolt,  the  socket 
would  have  to  have  considerable  depth.    Sockets  are  further  classified 
as  standard  (shallow),  deep,  and  extra  deep* 


STANDARD  DEEP  EXTRA  DEEP 


Check  (  /  )  the  true  statement (s)  below* 

  1.     The  socket-drive  hole  (female  drive)  must  be  the  same  sizi 

as  the  square  drive  on  the  wrench  handle* 

 2*     The  number  stamped  on  the  socket  refers  to  the  size  cf  the 

drive* 

  3.     The  female  drive  of  a  socket  mast  fit  the  nut  or  bolt  to  be 

removed • 

  4.     When  selecting  a  socket,  one  must  consider  the  size  of  the  nut 

or  bolt,  the  size  of  the  drive,  and  the  depth  of  the  socket. 

  5.     The  number  stamped  on  the  socket  refers  to  the  size  of  the 

bolt  to  be  worked  on* 

6*      The  sta^idard  socket  refers  to  the  shallowest  socket* 


Answers  to  Frame  49:  1*    1*  B     2*  F     3*  D     4*  C     5*  A     6*  E 

2.    1*^    2*  D     3*  B     4*  A     5*  F     6*  G 
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Sometimes  you  will  have  a  socket  with  a  1/4"  drive  and  a  handle 
with  a  3/8"  drive*    These  can  bu  adapted  to  each  other  by  use  o£  an 
adapter.    The  male  aud  female  drives  of  the  adapters  are  of  different 
sizes.    The  addition  of  this  device  to  the  socket  wrench  set  makes  it 
possible  to  reduce  the  total'  number  of  tools  required  to  be  carried 
to  a  job  and  provides  greater  useability  of  those  required  on  the  job. 


Check  (  /  )  the  correct  statement (p)  below. 

  1.     One  end  of  the  adapter  fits  the  bolt  or  nut  to  be  removed 

or  Installed. 

  2.     The  female  part  of  the  adapter  fits  the  handle. 

  3.      The  male  part  of  the  adapter  fits  the  socket. 

  4.      Both  ends  of  the  adapter  are  the  same  size. 


Answers  to  Frame  50:  1.  /        2.   3.   4.  /     5.    /     6.  / 


Mait  End 


^  DRIVE 


Female  End 
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A  socket  is  available  to  ease  the  installation  or  removal  of 
spark  plugs.    The  spark  plug  holding  socket  ha^  six  points  that  grip 
the  spark  plug  closely.    This  tight  grip  prevents  the  socket  from 
dropping  and  breaking  the  porcelain  on  the  spark  plug  durina  its 
removal  or  installation.  * 


Check  (  /  )  the  correct  statement(s)  below. 

 1.     The  spark  plug  holding  socket  has  six  points. 

  2.     The  spark  plug  holding  socket  has  a  holding  device  built 

into  it  to  grip  and  hold  the  spark  plug  in  the  socket. 


Answers  to  Frame  51:  1. 


2.    ✓     3.  /  4. 
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Frame  53 


VS  FEMALE 

DRIVE 


FEMALE 
DRIVE 


^note: 

this  socket  has  a  holding 
device  built  into  it 


l/l  DRIVE 


Match  the  items  illustrated  above  with  the  statements  listed  below. 


1.  Spark  plug  holding  socket 

2.  Six  point  socket 

3.  12  point  socket 

4.  Male  drive  end 

5.  Female  drive  end 

6.  Extension  length 


  ?•    Standard  socket 

8.    Deep  socket 

^  9.    1/2"  square  drive 

socket,  13/16"  size 

10.  3/8"  aquare  drive 
socket,  3 /A"  size 

11.  1/4"  square  drive 
socket,  1/2"  size 

12.  The  socket  required 
to  turn  a  3/4"  nut 
with  a  3/8"  male 
drive  handle 
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Frame  53  Continued 


2.      Answer  each  of  the  following  statements  as  either  true  (T)  or 
false  (F). 

  The  size  of  socket  drives  (handles)  is  deterained  by  the 

dimension  of  the  square  end  of  the  drive  and  tha  square 
hole  in  the  socket. 

  2.      Due  to  the  various  choices  of  handles,  and  the  variety  of 

drives  and  adapters,  the  socket  wrench  can  be  used  for  mai 
different  jobs . 

  3.      The  spark  plug  holding  socket  has  a  holding  device  built 

into  it  to  grip  and  hold  the  spark  plug  in  the  socket  so 
that  it  will  not  fall  out  during  removal  or  installation. 

  ^*      The  purpose  of  a  wrench  is  to  tighten  or  loosen  nuts  and 

bolts. 

  5.      An  adapter  has  different  size  ends. 


Walk  over  to  the  handtool  trainer  and  look  at  the .many  handles i 
sockets,  and  attachments  available. 


Answers  to  Frame  52:    1.    /     2.  / 
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Frame  54 
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This  is  a  set  of  box-end  wrenches.    A  box-end  wrench  is  essentially 
a  bar  with  a  socket  on  each  end. 

These  wrenches  are  used  for  general  work  and  they  are  well  suited 
for  operation  in  close  quarters. 

Their  heads  are  small  and  yet  they  completely  surround  the  object 
being  worked  on.    They  can  be  used  on  nuts  which  cannot  be  gripped  by 
other  types  of  wrenches.    Most  box-end  wrenches  have  twelve  points  and  / 
almost  all  nuts  and  bolts  have  six  sides.    Therefore,  as  little  as  one- 
twelfth  of  one  turn  can  be  taken  each  time  the  wrench  is  shifted. 

®^ 

Box-end  wrenches  may  be  further  identified  as  being  "offset". 
This  means  that  the  head  is  offset  (bent  off  to  one  side)  by  an  angle 
of  15  degrees  from  the  handle.    This  is  to  provide  clearance  for  the 
user's  hand  and  prevent  "barking"  of  his  knuckles. 

Check  (  /  )  the  correct  statement(s)  below, 

  1,      A  box-end  wrench  has  a  socket  on  each  end. 


2.      Each  end  of  the  box-end  wrench  is  a  different  size. 


3,      All  box-end  wrenches  are  straight. 


Answers  to  Frame  53:  1.  1,  C    2,  D    3.  E    4.  H    5.  K    6.  J    7.  A>B>or  F 

8,  a    9.  B    10.  A    11.  F    12.  A 


2,  1.  T    2.  T    3.  T    4.  T  5.^ 
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Frame  55 

e 

Nut  and  boltheads  are  measured  and  their  sizes  expressed  as  the 
distance  between  two  opposite  "flats".    See  the  figure  above. 

The  length  of  box-end  wrenches  is  proportional  to  the  size  of  the 
nut  it  fits.    The  sizes  of  box-end  wrenches  are  stamped  into  the  metal 
near  each  end.    The  proportional  sizing  of .  box- end  wrenches  makes  them 
good  tools  to  use  for  the  final  setting  of  nuts  or  bolts.    The  mechanic 
is  not  so  apt  to  overtighten  the  nut  so  that  he  strips  the  threads  or 
pulls  the  bolt  apart. 

Check  (  ^  )  the  correct  statement(s)*  below. 

  Nut  and  bolthead  sizes  are  determined  by  measuring  from 

comer  to  comer. 

  2.      Small  box-end  wrenches  have  large  handles* 

  3»      The  size  of  the  box-end  wrench  is  stamped  in  the  metal, 

near  the  end. 

  ^»      The  smaller  the  box-end  wrench  socket,  the  smaller  the  handle. 

 5.      The  longer  the  box-end  wrench  handle  the  more  torque  can  be 

applied. 


Answers  to  Frame  54:    1.   2.      /  3. 
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Frame  56 


[^Open-end  wrenches  are  open  at  the  ends.    They  can  be  used  on  cubing 
nuts  and  in  other  places  where  it  would  be  impossible  to  use  a  box-end 
or  other  type  of  wrench.    The'  open-end  wrenth  should  be  used  only  wh<m 
conditions  make  ft  impossible  to  use  the  box-end  wrench.    The  box-end 
wrench  bears  against  th^  nut  or  bolthead  on  six  points.    However,  the 
open-end  wrefnch  bears  against  th^  ^a6e  n<xt  ot  bolthead  ot  only  two 
points',    piis  two  point'  contact  ±sf  apt  to  lead  to  rounding  off  the 
comers  of  the  nuts  or  bolts  on  which  the  open-end  wr6nch  is  used. 


or 


Open-end  wrenches  f  1^  standard  sized  nu^s  avA  ar^  ligKt,  strong,  ^ 
and  convenient  for  working  in  limited  sp'^ce.    Th^  distance  between  jaws 
determines         siz€^'  of  the  nut  it  will  fit'.    Because  the  jaws  ar^  set  at 
an  angle,  usually  15  degrees,  it  is  easy  to  increase  the  swing  di  the^ 
handle  by  turning  the  wrench  over*    The  length  of  the  wrench  varies 
according  to  the  size  of  the  opening,  which  is  plainly  stamped  near 
each  end  of  the  wiench. 

Check  (  /  )  the  correct  statement (s)  below. 


1.      The  open-end  wrench  is  better  than  the  box-end  wrench  when 
removing  bolts. 


2.      The  jaws  of  an  open-end  wrench  are  usually  set  at  a  15  degree 
angle. 


3.      The  length  of  the  wrench  varies  according  to  the  size  of  the 
opening. 


Answers  to  Frame  55:  1. 


2. 


3.  / 


/     5.  / 
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Frame  57 


Open  Bad  box  Aid 


Combination  wrenches  are  designed  to  provide  a  box-end  on  one  end 
and  the  same  size  open-end  on  the  other  end. 

The  combination  wrench  is  used  to  loosen  and  tighten  nuts  and  bolts. 
The  box-end  is  used  to  "break"  the  nuts  and  bolts  free,  then  the  open-end 
can  be  used  to  remove  or  replace  the  nuts  atid  belts  more  quickly. 

Check  (  /  )  the  correct  statement(s)  below. 

  A  combination  wrench  has  the  same  size  open-end  as  box-end 

on  each  side  of  the  wrench. 

  2.      The  open-end  of  the  combination  wrench  is  set  at  a  15  degree 

angle. 


Answers  to  Frame  56:  1.   2.  /       3.  / 
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This  is  an  open-end  adjustable  jaw  wrench.    It  Is  made  so  its 
jaws  can  be  opened  or  closed  to  fit  the  flats  of  the  nut  or  bolthead. 
The  face  of  each  jaw  is  smooth.    The  size  of  the  wrench  is  given  in 
inches,  which  is  the  overall  length  of  the  tool. 

The  adjustable  jaw  wrench  is  the  most  commonly  misused  tool 
available  to  the  mechanic.    Normally,  it  should  be  used  only  when 
other  wrenches  are  not  available  or  do  not  fit  the  nuts  or  bolts  to 
be  worked  on.    For  minor  adjustments,  where  the  torque  required  is 
not  too  great,  this  wrench  works  s.^tistactorily ,    Care  should  be 
exercised  because  this  wrench  is  more  apt  to  round  off  the  comers 
than  one  which  fits  perfectly. 


Shaking  the  wrench  slightly,  while  it  is  being  adjusted  to  the 
nut  or  bolt  size,  will  aid  in  getting  a  more  nearly  perfect  fit. 

Check  (  /  )  the  correct  statement (s)  below, 

1,  The  correct  way  to  determine  the  size  of  an  adjustable  jaw 
wrench  is  to  measure  the  maximum  jaw  opening, 

2,  Adjustable  jaw  wrenches  should  be  used  where  the  turning 
effort  (torque)  is  not  too  great, 

3,  Shaking  tne  wrench,  while  making  the  size  adjustment,  aids 
in  getting  a  better  fit. 


Answers  to  Frame  57;  1>    ^     2*  ]/ 
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Frame  59 


;.Ths  adjustable  jaw  wrench  should  always  be  tutned  in  the  proper 
direction.    All  adjustable  jaw  wrench^^s  shbuld  always  be  pulled  so 
that  the  handle  moves  toward  the  adjustable  jaw.    If  an  adjustable 
jaw  wrench  is  turned  over  and  used  so  that  the  pressure  is  on  the  main 
jaw>  it  is  very  likely  that  the  adjustable  jaw  will  break. 


This  tool  is  commonly  known  as  the  "knuckle  buster"  for  it  is 
prone  to  slip  from  the  part  being  wo/ked  on.    Always  place  the  wrench 
in  a  position  so  that  the  pull  on  the  handle  tends  tb  for^e  the  jaws 
further  onto  the  nut.    The  most  effective  angle  for  this  pulling  is 
with  the  arm  at  right  angles  to  the  handle  and  the  center  line  of  the 
nut  or  bolt.    This  helps  prevent  wrench  slippage. 

Check  (  /  )  the  correct  statement(s)  below. 


1, 
3, 


The  correct  way  to  use  an  adjustable  jaw  is  to  push  it  toward 
the  adjustable  jaw. 

Incorrect  use  of  the  adjustable  jaw  wrench  cbn  cause  slippage. 

Adjustable  jaw  wrenches  should  always  be  pulled  so  that  the 
handle  moves  toward  the  adjustable  jaw. 


Answers  to  Frame  58:  1. 


2.    /     3.  / 
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Frame  60 


To  the  old-timer,  the  object  shown  Aove  is  knoWn  as  an  "Allen 
wrench".    Technically,  it  is  a- "key^ socket  head  screw", 

jS 

Regardless  of  what  it  is  called,  the  tool  is  a  hexagonal  steel 
bar  with  a  90  degree  bend.    The  longer  portion  is  normally  considered 
to  be  the  handle,  although  both  ends  are  the  same  size  and  can  be  used 
interchangeably.    The  size  of  the  tool  is  found  by  measuring  the 
distance  across  the  flat  tip  or  end. 

vniereas  most  wrenches  fit  outside  of  a  nut  or  bolt,  this  key  fits 
inside  the  head  of  a  bolt  or  screw.    These  tools  are  used  to  turn  screws 
and  setscrews  used  to  fasten  pulleys  to  shafts  where  the  head  of  a 
conventional  screw  would  interfere  with  operation.    This  forking  from 
the  inside"  feature  has  lead  some  people  to  call  this  tool  an  "internal 
wrenching"  key. 

Check  (  »^  )  the  correct  statement(s)  below. 

  1.      An  "Allen  wrench"  is  designed  for  internal  wrenching  bolts* 

  2.      Only  the  short  end  of  the  key  socket  head  screw  is  used  to 

tighten  setscrews. 

  3.      The  Allen  wrench  is  six  sided. 


Answers  to  Frame  59:  1.  2.    /     3.  / 
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Frame  61 


Never  use  a  wrench  as  a  hammer  or  crowbar. 

Stop  pulling  on  the  nut  €,s  soon  as  it  is  turned  down  tight.    If  a 
definite  tightness  is  specified,  you  will  have  to  use  a  torque  wrench  to 
complete  technical  publications  requirements* 

Always  think  twice  before  pushing  on  a  wrench.    If  you  are  standing 
on  a  wet  surface  there  is  the  possibility  that  you  may  fall  flat  on  your 
face.    Ten  chances  to  one  you  will  find  it  safer  to  pull.    If  the  wrench 
must  be  pushed,  use  the  palm  of  your  open  hand  so  that  your  knuckles 
will  not  be  mashed  in  case  something  does  slip. 

See  that  your  footing  is  good  before  you  pull.    Get  into  the  habit 
of  figuring  out  what  is  going  to  happen  when  the  wrench  slips,  the  bolt 
breaks,  or  the  threads  strip.    Particular  care  should  be  taken  when 
working  on  a  ladder,  stand,  or  in  any  elevated  position. 

Never  use  a  pipe  or  another  wrench  to  extend  the  handle  of  a 
wrench  in  order  to  gain  leverage.    Something  is  bound  to  give  -  but 
maybe  not  what  you  expect* 

Inspect  all  wrenches  frequently  for  general  condition,  cleanliness, 
chips,  cracks,  etc.    Avoid  throwing  wrenches  or  other  tools  into  your 
toolbox. 

Check  (  /  )  the  correct  statement (s)  below* 

  A  wrench  is  a  universal  tool,  it  can  be  used  as  a  substitute 

for  many  coomon  handtools . 

  2.      Never  push  a  wrench. 

 ^  3.      A  pipe  may  be  used  to  extend  the  length  cf  a  wrench. 


Answers  to  Frame  60:  1.    /  2. 
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Frame  62  Continued 


2*     The  uses  of  wrenches  are  listed  In  column  A,  the  types  of 
wrenches  are  listed  An  column  B.    Match  each  wrench  in  column  B  with 
its  proper  use  in  column  A. 


Column  A 

1.  Used  on  internal  wrenching 
hexagon  bolts,  plugs,  and 
setscrews. 

2.  Must  be  used  on  gas  and 
oil  line  fittings. 

3.  Used  in  hard  to  reach 
places.    It  completely 
surrounds  the  bolt he ad 
or  nut  to  be  turned. 

4.  Will  fit  any  bolt  or  nut 
within  its  range  and  works 
satisfactorily  for  adjust- 
ments, or  where  the  turning 
effort  (torque)  is  not  too 
great. 


Column  3 
A.    Open-end  wrench. 
B/  Adjustable  jaw  wrench. 

C.  Socket  screw  wrench. 

D.  Box-end  wrench. 


Answers  to  Frame  61:  1. 


2.    ✓  3. 
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Answer  the  following  questions  concerning  wrenches, 
missed  any  questions,  review  the  appropriate  frames. 


Frame  63 

If  you 


1.      The  above  tool  is  called  a 

a.  hinge  hand.le.  c.    "T"  handle. 

b.  ratchet  handle.  d.    speed  handle. 


2.      The  above  tool  is  called  a(n) 

a.  hinge  handle.  c.    ratchet  handle, 

b.  speed  handle.  d.  extension. 


ERLC 


4. 


3.      The  above  tool  is  called  a(n) 

a.  hinge  handle.  c.    universal  joint, 

b.  extension.  d.  socket. 


The  above  tool  is  called  a(n) 
a-,    extension.  c. 
b.    swivel  socket.  d. 

79 


universal  joints 
shallow  socket. 
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Frame  63  Continued 


Ttwelve, 
-(gripping 

\POINTS 


5.     The  above  socket  will  fit  a 

a.  3/4"  bolthead.  c.    any  size  bolthead. 

b.  3/4"  drive.  d.    3/4"  drive  and  3/4"  bolthead. 


7. 


^  DRIVE 


■|  DRIVE 


6.     The  above  tool  is  called  a(n) 

a.  universal  joint.  c.  socket. 

b.  adapter.  d.    adjustable  wrench. 


1/2 


7/16 


The  above  tool  is  called  a(n) 

a.  open-end  wrench.  c.    combination  wrench. 

b.  box-end  wrench.  d.    adjustable  wrench. 


The  above  tool  is  sometimes  called  a(n) 

a.  screwdriver.  c.    Allen  wrench. 

b.  socket  wrench.  d.    external  wrench, 
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Frame  63  Continued 

9.  The  best  tools  for  removing  nuts  and  bolts  wherever  practical  are 

a.  adjustable  jaw  wrenches .  c.    socket  wrenches • 

b.  combination  pliers.  d,    open-end  wrenches. 

10.  Speed  handles  are  used  where 

a.  the  turning  radius  Is  c.  an  angle  pull  is  required, 
limited. 

d,  tight  nuts  must  first  be 

b.  speed  is  required,  broken  loose. 

11.  Which  of  the  following  socket  handles  drives  in  one  direction 
and  slips  in  the  other  direction? 

a.  Hinge  handle.  c.    Ratchet  handle. 

b.  Speed  handle,  d.    "T"  handle. 

12.  Which  socket  hardle  can  be  operated  without  having  to  raise  the 
socket  off  the  nut  for  another  "bite"? 

a.  Hinge  handle.  c.    Speed  handle. 

b.  Ratchet  handle.  d.    "T"  handle. 

13.  To  get  to  a  nut  located  in  a  hard-to-get-at  place,  you  would  use 
a(n) 

a.  adapter.  c.    "T"  handle. 

b.  universal  joint.  d.    spe^^.d  handle. 

14.  The  socket-drive  hole  (female  drive) 

a.  has  its  size  stamped  on  the  side  of  the  socket. 

b.  fits  any  size  socket  handle. 

c.  must  be  the  same  size  as  the  bolt. 

d.  is  attached  to  the  sochet  handle. 
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Frame  63  Continued 

15.    To  reduce  the  total  nianber  of  tools  required  to  be  carried  to  a  job, 
it  would  be  best  to  carry  which  of  the  following  tools? 

a.  Universal  joint.  c.  Adapter. 

b.  Speed  handle.  d.  Extension. 

16..    Which  of  the  following  tools  is  best  suited  to  remove  a  nut? 

a.  Box-end  wrench.  c.    Adjustable  jaw  wrench, 

b.  Open-end  wrench.  d.  Pliers. 

17.  Which  of  the  following  wrenches  will  yield  the  largest  amount  of 
torque? 

a.  Short  handled,  open-end  wrench. 

b.  Long  handled,  box'-end  wrench. 

c.  Adjustable  jaw  wrench. 

d.  Short  handled,  box-end  wrench. 

18.  What  is  the  correct  way  to  use  an  adjustable  jaw  wrench? 

a.  Push  it  toward  the  adjustable  jaw. 

b.  Pull  it  toward  the  stationary  jaw. 

c.  Pull  it  toward  the  adjustable  jaw. 

d.  Push  it  toward  the  stationary  jaw. 


Answers  to  Frame  62:    1.    1.  D     2.       3.  A    4.  £  5. 

2.    1.  C     2.  A    3.  D   4.  B 
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The  thickness  gauge  consists  of  a  set  of  leaves  of  hard  steel. 
Each  leaf  is  ground  to  a  definite  thickness,  having  one  end  of  each 
leaf  fastened  into  a  protective  case.    A  set  usually  consists  of  leaves 
ranging  in  size  from  fifteen  ten-thousandths  (0.0015)  of  an  inch  to 
twenty-five  thousandths  (0.025)  of  an  inch. 

Thickness  gauges  are  used  to  measure  the  clearance  between  two 
parts.    One  leaf  at  a  time  is  tried  until  the  thickness  leaf  which 
will  enter  the  opening  is  found.    The  clearance  is  determined  by 
reading  the  thickness  stamped  on  the  particular  leaf. 

The  leaf  should  always  be  wiped  off  before  trying  to  insert  it 
between  two  parts.    The  leaf  should  never  be  forced  into  an  opening. 
Light  pressure  only  should  be  applied.    If  the  leaf  is  forced,  It  may 
spread  the  opening.    This  gives  an  inaccurate  Indication  of  size  or 
there  is  danger  of  kinking  the  leaf  and  ruining  it.    TWo  leaves  may 
be  wiped  clean  and  used  together  if  one  leaf  of  the  proper  thickness 
is  not  available. 

Check  C  /  )  the  correct  statement (s)  below. 

  1»     The  thickness  gauge  Is  calibrated  in  thousandths  of  an  inch* 

  2.     Thickness  gauges  are  used  to  measure  the  clearance  between 

two  parts. 

 3.     Only  one  leaf  of  the  thickness  gauge  can  be  used  to  measure 

the  clearance. 

Answers  to  Frame  63: 

Question  No       Answer     Review  Frame     Question  No     Answer   Review  Frame 

1.  D   43  10.  B  43 

2.  A   44  11.  C  45 

3.  B   47  12.  B  45 

4.  c   48  13.  B  48 

5.  A   50  14.  D  50 

6.  B   51  15.  C  51 

7.  B   54  16.  A  54 

8.  C   60  17.  B  55 

9.  C   41  18.  C  59 
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Frame  65 


The  work  of  a  mechanic  Is  no  more  accurate  than  the  measurements 
he  makes*    It  is  important,  therefore,  that  he  learns  to  use  and  read 
measuring  iaitruments  correctly  and  accurately.    There  are  many  dif- 
ferent types  of  measuring  instruments;  each  type  is  best  for  a  specif i( 
purpose.    The  most  common  unit  of  measurement  with  which  you  will  work 
is  the  inch,  which  is  further  divided  into  fractions. 


Rules  are  usually  made  of  steel  and  they  are  available  in  A,  6,  or 
12- inch  lengths*    The  largest  unit  of  measurement  common  to  these  rules 
is  the  inch.    The  inch  may  be  divided  into  smaller  fractions,  such  as 
1/4,  1/2,  1/8,  1/16,  1/32,  and  even  1/64.    Graduations  of  less  than 
1/64  are  not  used  because  they  are  difficult  to  read. 

Tapes  are  available  in  many  kinds  and  lengths.    The  one  conmonly 
used  by  most  mechanics  is  six  feet  in  length  and  is  made  of  flexible 
steel.    It  is  coiled  in  a  circular  case.    The  tape 'may  be  easily  drawn 
out  of  its  case  when  needed,  and  pushed  back  into  the  case  when  not 
needed.    Tapes  are  graduated,  usually  in  sixteenths  (1/16)  or  thirty- 
seconds  (1/32)  of  an  inch.    Most  tapes  have  a  small  lip  on  one  end 
which  prevents  the  end  from  slipping  into  the  case  when  the  tape  is 
rolled  up  into  the  case.    This  lip  also  enables  the  user  to  line  up  the 
end  of  the  tape  more  easily  with  the  end  of  the  piece  being  measured. 

Check  (  ✓  )  the  correct  statement(s)  below. 

  The  smallest  measurement  on  a  rule  is  1/32  of  an  inch. 

  2,     Tapes  are  used  when  long  distance  measurements  are  required, 

 3.     To  measure  the  diameter  of  a  bolt,  you  would  use  a  rule. 

  ^*     To  measure  the  length  of   a  component,  you  would 


S  \  ^ 


use  a  tape  measure. 


Answers  to  Frame  64:    1. /     2.    /  3, 
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Frame  66 


SELECT  CORRECT  HOLE 
TO  MATCH  WIRE  CAGE 


BLADES  REMAIN  or>5N 
UNTIL  WIRE  IS  REMOVED 


Wire  strippers  are  used  to  take  off  insulation  from  the  ends 
of  electrical  wires.    Several  holes  corresponding  to  various  wire 
sizes  are  in  the  cutting  edge  of  the  tool.     Care  must  be  taken  to 
make  sure  that  the  correct  hole  is  used  for  the  wire  being  stripped. 
If  the  stripper  hole  is  too  small,  some  wire  strands  may  be  cut. 

Check  (  /  )  the  true  statement (s)  below. 


1. 

2. 
3. 


There  must  be  careful  selection  of  the  hole  on  the  wire 
stripper  for  the  wire  size  to  be  stripped. 

The  stripper  should  cut  completely  through  the  insulation. 

A  stripper  is  a  handy  tool  for  removing  insulation  from  the 
center  of  a  length  of  wire. 


Answers  to  Frame  65:  1. 


3.    /     4.  / 
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Frame  67 


The  crimping  tool,  shown  below,  should  be  used  for  connecting 
(crimping)  preinsulated  terminals  to  conductors.    Other  crimping 
tools  such  as  Stakon  pliers  should  be  used  to  crimp  noninsulated 
terminals*    The  insulation  on  the  terminals  is  color  coded  according 
to  the  size  of  the  conductors  to  which  they  are  to  be  joined.  The 
Instruction  plate  on  the  tool  shows  which  of  the  nests  should  be 
used  for  the  sizes  of  wire. 


^  )  the  true  statement (s)  below. 

Preinsulated  terminals  can  be  crimped  to  a  conductor. 

Noninsulated  terminals  can  be  crimped  to  a  conductor. 

The  instruction  plate  on  the  crimper  indicates  the 
pressure  needed  to  crimp  terminals  to  wires. 


Check  ( 

 1. 

  2. 

3. 


Answers  to  Frame  66:    1.  /       2. /  3. 
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Frame  68 


The  retriever^  sometimes  called  •*meclianical  fingers,"  is 
used  to  pick  up  small  objects  that  are  located  in  inaccessible 
areas.    By  pushing  down  the  button,  the  grip  opens  enabling 
small  objects  to  be  grabbed. 


An  inspection  mirror  can  be  used  when  the  work  being  done  is 
located  in  such  a  position  that  it  is  out  of  view.    A  noninsulated 
mirror  should  not  be  used  around  live  electrical  circuits. 


1.      Check  (  /  )  the  correct  statement (s)  below. 

  1,      The  retrievar  can  be  used  to  pick  up  fallen  screws  in  hard- 

to-get-at  places. 

2.      An  insulated  inspection  mirror  must  be  used  on  all  equipment. 


Answers  to  Frame  67:    1.    /     2.  / *  3. 
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Frame  69 

One  of  the  most  useful  tools  available  to  the  mechanic  is  the 
electric  drill.    The  principal  use  of  the  electric  drill  is  for  boring 
or  drilling  holes  in  metal.    Drills  commonly  used  in  the  shop  are  of  the 
1/4-inch,  3/8-inch,  or  1/2-inch  capacity.    It  is  never  advisable  to 
exceed  the  rated  capacity  of  an  electric  drill.    Such  a  practice  usually 
results  in  burning  up  the  drill  motor.    For  shop  use,  hardened  steel 
drill  bits  are  used  with  the  electric  drill.    As  you  can  see  from  the 
picture  below,  the  main  parts  of  the  portable  electric  drill  are  the 
motor,  chuck,  handle,  trigger,  trigger  lock,  and  chuck  key. 


CHUCK 


KEY 


Circle  the  letter  of  the  correct  statement  brlow. 

a.  The  best  tool  for  drilling  holes  in  metal  is  the  electric  drill. 

b.  The  capacity  of  an  electric  drill  should  never  be  exceeded. 

c.  Hardened  steel  drill  bir.s  are  best  for  use  with  the  electric  drill, 

d.  All  of  the  above  statements  are  true. 


Answers  to  Frame  68:    1.  1.  /  2. 
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Frame  70 


Another  power  tool  found  in  most  shops  is  the  bench  grinder.  A 
typical  bench  grinder  is  shown  in  the  illustration  below •    Note  that 
the  main  parts  of  the  bench  grinder  are  the  stand,  motor,  grinding 
wheels,  work  rest,  and  eye  shield.    The  grinding  wheels  should  always 
be  checked  for  cracks  before  starting  the  motor. 


EYE  SHIELD 
MEDIUM  WHEEL 

WORK  REST 


MOTOR 

STAN 


FINE  WHEEL 


The  bench  grinder  works  best  at  maximum  RPM.    Too  much  pressure 
on  the  grinding  wheel  will  cause  the  motor  to  overheat  end  the  metal 
being  sharpened  to  bum.    The  grinding  action  is  the  result  of  friction 
between  the  wheel  and  the  meteJ.;  so  the  faster  the  rotation  of  the 
grinding  wheel,  the  greater  the  friction. 


Circle  the  letter  in  front  of  the  coirect  statement  below. 


a.  Pressing  hard  on  the  grinding  wheel  increases  its  efficiency. 

b.  Too  much  pressure  on  the  wheel  will  cause  the  metal  to  burn. 

c.  If  the  motor  turns  too  fast,  it  will  overheat. 

d.  Friction  helps  cool  the  metal. 


Answer  to  Frame  69:  d 
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Frame  71 


The  bench  grinder  usually  has  two  stones  or  wheels;  one  made  of 
fine  grit  and  the  other  of  coarse  grit.    The  grit  is  held  together  by 
a  strong  adhesive*    An  electric  motor  (usually  rated  at  1/2  horsepower) 
turns  the  stones  at  a  high  rate  of  speed.    The  material  to  be  sharpened, 
smoothed,  or  reduced  in  size  is  held  on  the  tool  rest  and  pressed 
against  the  rotating  stone* 

Circle  the  letter  In  front  of  the  correct -statementCs)  below* 
a*    Grinding  wheels  are  cut  out  of  solid  stone. 

b*    Bench  grinders  are  used  to  sharpen  chisels,  punches,  and  drill  bits, 
c.    The  material  to  be  'Aground"  is  pressed  against  the  rotating  wheel* 
d*    The  stones  are  turned  at  a  high  rate  of  speed* 


Answer  to  Frame  70: 
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Frame  72 


Answer  the  following  questions  concerning  tools.    If  you  missed 
any  questions,  review  the  appropriate  f^^ames. 


I. 


The  above  tool  is  called  a 

a.  rule* 

b •    tape  measure. 


c.  thickness  gage. 

d.  depth  gage. 


The  tool  best  suited  to  measure  the  diameter  of  a  bolt  is  called  a 

a.  rule,  ^*    thickness  gage. 

b.  tape  measure,  d.    yard  stick. 

To  remove  the  insulation  from  a  wire  y-ou  would  best  use  a 

a.  crimping  tool.  c,    wire  stripper. 

b,  knife,  diagonal  cutting  pliers. 


4.      The  above  tool  is  called  a 
a.  magnet, 
b •  retriever* 


c,  mirror. 

d.  long  stem  screwdriver. 
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Frame  72  Continued 

5.  The  drill  bit  on  an  electric  drill  is  Inserted  In  the 
a«     aouth*  c*  nose* 

b.      chuck.  d.  lock. 

6.  A  bench  grinder  operates  most  efficiently 

a.  at  maximum  RPM.  c.     without  a  tool  rest. 

b.  at  slow  speeds.  d.     when  pressing  hard  on 

grinding  wheel. 

Check  (/)  your  answers  at  the  end  of  frame  85.    If  you  missed 

any  of  the  questions,  review  the  appropriate  frames  before  going  on 

to  the  next  frame* 


Answers  to  Frame  71:    b     c  d 
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Frame  73 


A  tortjue  wrench  ±4  used  to  measure  hw  mudh  torque  (twisting 
fGrce)  i^  applied  to  a  nut  when  it  is  put  on  a  bolt.    Some  wrenches 
are  made  to  measure  torque  in  inch-pounds,  others  in  foot-pounds* 
The  type  of  torque  wrendi  moiJt  used  in  the  Air  Force  is  the^"break- 
away**  typ^.    These  are^  sometimes  called  the  Automatic-Release-Torque 
wrenth*    This  is  the  only  type  of  wretfch  we  are  authorized  to  use  oti 
nuts,  bolti}  etc.,  which  we  put  on  a''plane«    The  breakaiiray  torqtie  /V 
wrench  (see  sketch  below)  has  ^  square  drive,  shafft  scale,  vernier 
scale,  grip  on  handle  and  a'  grip  lock* 


VEKNIEft  SCALE 


Check  the  correct  statementCs)  below* 

1*      Torque  wrenches  measure  torque  in  foot-pounds  only* 

The  "breakaway"  type  torque  wrench  is  the  most  commonly  used 
torque  wrench  in  the  Air  Force* 

3«      The  Vernier  scale  anu  the  grip  lock  are  attached  to  the 
handle* 

4.      Common  olrcraft  hardware  should  NOT  be  torque  with  a 
breakaway"  type  torque  wrench* 
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Frame  74 

Som/typ^  of  torqiie  wrenches  are  the  screwdriver  typ4,  th^ 
flexible  bekm  type  arfil  the  dial  which  axfe  Ndx  authorized  f</r  use  ifi 
tightening  common  aircraft  hardware.    In' som^  specific  applications 
ot  checking  torque,  arf  aircraft  manual  or  equipment  maintenance 
manual  may  require  one^  ot^  the^  above  mentione^wrenches  to  be  used. 

Note:    The  term  "TORQUE  WRENCH"  in  portions  of  this  text  may 
be  shortened  to  "wrench." 

Check  (/)  the  correct  statement (s)  below. 

 ^*      Any  type  of  torque  wrench  is  authorized  for  use  on  common 

aircraft  hardware. 


The  flexible  beam  type  torque  wrench  should  not  be  used  to 
torque  a  nut  on  an  aircraft. 

An  aircraft  technical  manual  will  never  list  a  type  of 
torque  wrench  other  than  the  authorized  "breakaway"  type. 

An  equipment  maintenance  manu*.  1  may  require  a  dial  type 
torque  wrench  to  be  used. 


Answers  to  Frame  73;   1.   V   2.       j/   3.  4. 
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Frame  75 


The  breakaway  torque  wrench  may  be  adjusted.    The  torque  value 
you  want  for  the  unit  you  are  to  work  on  can  be  set  (within  limits  of 
the  torque  wrench)  by  turning  the  handle  (grip)  to  settings  on  the 
micrometer  type  scale.    The  micrometer  type  scale  is  made  up  of  the 
shaft  scale,  on  the  bar  part  of  the  wrench,  and  the  vernier  scale  on 
the  handle.    In  the  sketch  below,  note  the  shaft  scale  is  graduated 
in  50  inch-pounds.    The  vernier  scale  is  graduated  from  0  to  50  inch- 
pounds  which  will  let  us  change  the  torque  setting  to  what  is  called 
for  in  the  technical  order. 


SHAFT  SCALE 


VERNIER  SCALE 


LOCK 


GRIP 


\ 

o 

-450 
-350 
-250 

-1 

o 

/          p      o     o  ^ 
r           o     o     o  o 
w%              r%  f% 

O 

Note:  For  a  foot-pound  torque  wrench  the  graduation  would  be 
in  foot-pounds. 

Check  (/)  the  correct  statement (s)  below. 

1.      Breakaway  torque  wrenches  are  not  adjustable. 


1. 
4. 


The  micrometer  (the  shaft  scale  and  the  vernier  scale)  is 
used  to  indicate  the  amount  of  corque  set  on  the  wrench. 

The  shaft  scale  is  graduated  in  50  inch-pounds. 

One  complete  turn  of  the  handle  will  give  an  increase  or 
decrease  of  50  inch-pounds. 


Answers  to  Frame  74: 


1. 


2.        /    3.       /  4, 
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Frame  76 


The  unit  you  must  install  has  a  higher  torque  value  on  the  nuts 

IZlT'i  T^         °u  ^°  "^'^h  ^his'new  torque  value  tJe 

handle  (grip)  must  be  turned  to  the  right  which  will  add  tension  to 

flLH     i  "^^^  ^^^^  the  handle  sISr^er  L 

length  and  change  the  reading  on  the  micrometer  type  scale.    If  Jou 
need  a  lower  torque,  then  turn  the  handle  to  the  left  until  you  Jass 

w^^  oTT    ''"M-  ^'""''^  "'"^^^  ^PP"-h  the  settinrjoS 

want  on  the  wrench  from  the  lower  end  of  the  scale. 


Check  the  correct  statement (s)  below. 


1. 


2. 


To  change  the  torque  value  on  the  wrench,  the  handle  (grip) 
must  be  turned.  ^ 

A  torque  setting  is  approached  from  the  higher  end  of  the 

S  CdX6 « 

To  increase  the  torque  setting,  the  handle  is  turned 
counterclockwise . 

Turning  the  handle  reduces  or  increases  tension  on  the  spring 
inside  the  handle.  ^  ^ 


Answers  to  Frame  75:   1.  2.        /   3.        /  4 
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Frame  77 


The  breakaway  torque  wrench  has  a  lock  to  make  sure  that  the  torque 
value  you  set  does  not  change  when  you  use  the  wrench.    On  some  of  the 
wrenches  the  lock  is  turned  (figure  A)  to  engage  and  lock  the  handle* 
In  other  wrenches  the  locking  is  done  by  sliding  the  lock  along  the 
handle  to  engage  a  pawl  or  slot  in  the  shaft  (figure  B).    In  either 
case,  the  grip  is  kept  from  turning  when  the  wrench  is  in  use.  The 
lock  must  be  "UNLOCKED"  before  the  handle  (GRIP)  can  be  turned.  The 
lock  can  only  be  "locked"  when  a  number  on  the  vernier  scale  (0,  5, 
10,  etc)  is  in  line  with  the  "SHAFT  INDEX  LINE"  (see  sketch  below). 


lOCK 


- 

1' 

• 

• 

Check  C/)  the  correct  statements  below. 

1.  The  breakaway  torque  wrench  has  a  locking  device. 

2.  The  handle  Cgrip)  cannot  be  turned  when  the  lock  is  "unlocked." 


3.      A  number  on  the  vernier  scale  must  be  in  line  with  the  "shaft 
index  line"  before  the  locking  device  will  "lock." 


Answers  to  Frame  76: 


/  1. 


2. 


3. 


/  4. 
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Frame  78 


The  torque  wrench  will  automatically  release  or  "break"  when  you 
reach  a  set  amount  of  torque  on  a  nut  or  bolt.    When  the  handle 
releases,  it  will  have  approximately  fifteen  to  twenty  degrees  of 
free  travel  and  should  not  be  pulled  beyond  this  point. 

Check  (/)  the  correct  statement(s)  below. 
 1.      The  handle  should  be  pulled  after  it  releases  or  "breaks." 


_2.      When  the  handle  releases  or  breaks  the  desired  amount  of 
torque  has  been  applied. 


_3.      After  fifteen  or  twenty  degrees  of  free  travel,  the  handle 
should  not  be  pulled  beyond  this  point. 


Answers  to  Frame  77:       J    \,  2.       V  3. 


4. 
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Frame  79 

Identify  the  parts  of  the  torque  wrench  on  the  illustrated  diagram 
below  by  selecting  the  names  from  the  list  and  writing  the  names  in  the 
appropriate  nunbered  spaces  on  the  illustration. 


Grip  Lock 
Shaft  Scale 


NAMES 
Handle  (Grip) 
Socket  Drive 


Vernier  Scale 


Answers  to  Frame  78: 


1. 


V   2.       J  3. 
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Frame  80 


From  time  to  time  as  you  use  torque  wrenches  you  may  have  co  change 
Inch-pounds  to  foot-pounds.    Divide  the  inch-pound  figure  by  12  (the 
number  of  inches  in  a  foot)  to  change  from  inch-pounds  to  foot-pounds. 
For  example:    600  inch-pounds  divided  by  12  equals  50  foot-pounds.  To 
change  foot-pounds  to  inch-pounds,  multiply  the  figure,  Ex:    10  ft  by  12 
(number  of  inches  in  1  ft)  thus  you  have  10  ft  by  12  in  •  120  inch-pound^. 

Check  (/)  the  correct  statement (s)  belcw. 

 1.      To  change  inch-pounds  to  foot-pounds  divide  the  foot-pounds 

by  12. 

 2,      To  change  foot-pounds  to  inch-pounds  multiply  the  foot-pounds 

by  12. 

 3.      Twelve  (12)  foot-pounds  is  equal  to  one  CI)  inch-pound. 

 4.      Forty-eight  (48)  inch-pounds  is  equal  to  four  C4)  foot-pounds. 


Answers  to  Frame  79:    1.    Shaft  Scale    2.    Vernier  Scale    3.  Handle 

4.    Socket  Drive    5.    Grip^  Lock 
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Frame  81 


* '   -  u        wrenches  are  issueO  from  supply  t<i  the  shopi  of  tool  cri^s 
for  uafe  wh'en  yoTu  vo^k  ori  pltoes  arfd  other  critical  equipment  which 
V   .    f7!«"^^^  once  every  tv?o  months  (60  days).    We  calctt- 

late  th^  60  calendar  da/s  f r^a  th4  date  o^  verification  (see  nofe 
below).    Fof  example,  a^wrenclf  verified  on  15  Jan  77  will  be  due 
reverification  oft  15  Mai?"  77. 

Note:    Verification  -  a  check  operation  to  determine  accuracy 
or  inaccuracy  of  a  torque  wrench,  using  a  suitable  torque  wrench 

Calibration  -  actual  adjustment  necessary  to  bring  a 
torque  wrench  into  acceptable  tolerances. 


COLOR  CODED  DATED  TAPE 


Check  (/)  the  correct  statement (s)  below. 

_1.      Torque  wrenches  in  the  shops  or  tool  cribs  shall  be  verified 
at  least  once  every  two  months  (60  days). 

_2.      A  color  coded  dated  tape  is  fastened  to  the  torque  wrench 
during  verification. 

_3.      A  torque  wrench  will  always  be  calibrated  before  it  is 
verified. 


Answers  to  Frame  80: 


1. 


/  2. 


3. 


/  4. 
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Frame  82 

rhe  following  colors  of  tapes  will  be  used  to  Indicate  the  month 
the  torque  wrench  Is  due  verification: 


Colors 

Months 

Blue 

January-May- Cep  t  ember 

Red 

February-June-Oc  tober 

Black 

March- July-November 

Yellow 

Aprll-Augus  t-December 

Note:    If  a  torque  tool  Is  dropped  or  otherwise  abused,  It  will 
be  verified  and  if  necessary,  calibrated  prior  to  further  use. 

Check  (/)  the  correct  statement(s)  below, 

1*      The  coded  tapes  will  Indicate  the  day,  month  and  year  the 
torque  wrench  was  /erlfled, 

2«      By  looking  at  the  date  and  color  coded  tape,  one  can  determine 
when  the  torque  wrench  Is  due  verification, 

3.      Each  volor  coded  tape  represents  three  different  months. 


Answers  to  Frame  81;  1,       /   2#  3. 
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Frame  83 

Torque  wrenches  &r4  precision  measuring  instruments.    These  mdst 
be  handled  with  caro  and  not  treated  likfe  some  people  who  just  throw 
their  hand  tools  in  a'  box.    After  us^,  you  should  turn  the  grip  to  the" 
full  countsrclockwiss  position  to  take  th^  tension  off  the  spring  ±ti 
the  handle  (fr^«ne  75).    If-  the  spring  is  under  tension  all  of  th^  tinte, 
C'i^  it  ma/  change  the  stretigth  of  the  sprint*    Tb£  accuracy  of  thtf  spritfg 
tension  determines  th'e  accuracy  of  the  wrench.    You  should  set  the] 
wrench  at  its  lowest  setting  and  then  store  it  in  its  own  storage 
container* 

Check  (/)  the  correct  statement(s)  below. 
 1.      Torque  wrenches  are  precision  measui.lng  instruments. 


J,.      Torque  wrenches  are  stored  at  their  highest  setting. 

3.      Torque  wrenches  are  stored  in  tool  boxes. 

_4.      Torque  wrenches  are  stored  at  their  lowest  setting  in 
storage  containers* 


Answers  to  Frame  82;   ^1.       V    2.       -/  3. 
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Frame  84 


The  following  are  a  few  precautions  to  observe  concerning  torque 
wrenches : 

1.  An  extension  shall  not  be  used  on  the  grip  end  of  the  handle, 

2.  Torque  wrenches  shall  not  be  used  to  break  loose  previously 
tightened  bolts, 

3.  A  torque  wrench  shall  not  be  used  to  apply  a  greater  amount 
of  torque  than  the  rated  capacity  of  the  wrench, 

4.  Do  not  attempt  to  change  setting  when  the  handle  is  in  the 
locked  position. 

5.  Do  not  place  an  extension  on  the  square  drive  that  increases 
the  length  of  the  torque  wrench  without  mathematically  calculating  the 
torque  value  to  set  on  the  handle. 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  83:       /    1.   2.  3^       /  4. 
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Section  VI 


Frame  85 


Now  that  you  have  completed  the  programmed  text  on  hand  tools,  let* 
review  some  of  the  information  covered  prior  to  taking  the  test. 
Answer  the  following  questions  concerning  the  identification  and  use 
of  handtools  by  circling  the  correct  response. 


2. 


The  above  handtool  is  called  a 

a.  mallet.  c.    plastic  hammer. 

b.  sledge  hammer.  d.    ball  peen  hammer. 

What  type  of  hanmer  is  frequently  used  to  expand  the  end  of  a 
rivet  in  a  hole? 


a.  Mallet. 

b.  Sledge  hanmer. 


c.  Ball  peen  hammer. 

d.  Plastic  hammer. 


Most  accidents  with  hammers  are  caused  by 

a.  loose  hammer  heads.  c.    greasy  handles. 

b.  sweaty  hands.  d.    all  of  the  above. 


4.    What  type  of  screwdriver  is  used  for  the  above  screw  head? 

a.  Clutchhead  screwdriver.      c.    Common  screwdriver. 

b.  Crosspoint  screwdriver.     d.    Offset  flat  tip  screwdriv  ;r, 


5,,    What  type  of  screwdriver  is  pictured  above? 

a*    Offset  screwdriver.  c.    Prince  and  Reed  screwdriver, 

b.    Phillips  screwdriver.         d.    Flat  tip  screwdriver. 
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Frame  85  (Continued) 


6. 


The  size  of  a  screwdriver  is  determined  by 

a.    the  size  of  the  blade.  c.    the  length  of  the  screwdriver. 


b,    the  size  of  the  handle. 


d.    the  Combined  length  of  the 
blade  and  the  shank. 


7. 


Which  of  the  above  illustrations  shows  the  correct  size  of  screw- 
driver to  be  used? 


a. 
b. 


A  and  B« 
A  and  D. 


c. 
d. 


C  and  D. 
B  and  C. 


8. 


9. 


What  tool  is  pictured  above? 

a.  Flat  tip  screwdriver. 

b.  Cross  tip  screwdriver. 


c.  Cross  tip  offset  screwdriver. 

d.  Offset  flat  tip  screwdriver. 


The  part  of  the  file  used  when  filing  is  called  the 

a.  file  heel.  c.    file  tang. 

b.  file  face.  d.    file  point. 


10.    The  above  pictured  file  is  called  a 

a.  half-round  file.  c.    taper  file. 

b.  rattan  file.  d.    flat  file. 
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Frame  85  (Continued) 

11.  Rows  of  teeth  on  4  file  that  criss-cross  each  other  are  called  a 
a«    bastard  grade  file.  c*    single-cut  file. 

b.    smooth  grade  file.  d.    double-cut  file. 

12.  A  file  is  properly  used  when 

a.  only  slight  pressure  is  applied  on  the -forward  stroke. 

b.  even  pressure  is  applied  on  both>  the  forward  and  backward 
strokes. 

c.  a  smooth,  firm,  forward  stroke  is  used. 

d.  a  lot  of  pressure  is  applied  on  the  forward  stroke,  slight 
pressui^  is  applied  on  the  return  stroke. 

13.  The  tooth-points  on  a  hacksaw  blade  must 

a.  be  coarse  enough  to  straddle  the  work. 

b.  be  very  small  in  order  to  clean  the  chips  away. 

c.  face  backward r  towards  the  handle. 

d.  face  forward,  towards  the  tip  of  the  saw. 

—  ^/t'' 


T 

14.  The  above  chisel  is  called  a 

a.  cape  chisel.  c.    diamond  point  chisel. 

b.  cold  chisel.  d.    drift  chisel. 

15.  To  cut  a  "V**  groove  in  metaJ,  you  use  a 

a.  diamond  point  chisel.  c.    flat  chisel. 

b.  chassis  chisel.  d.  hacksaw. 


Frame  85  CContinued) 


16.    The  above  tool  is  called  a 

a.  drift  punch.  c.    center  punch. 

b.  pin  punch.  d.    chassis  punch 


17.  The  above  tool  is  called  a 

a.  drift  punch.  c.    center  punch. 

b.  pin  punch.  d.    chassis  punch. 

18.  To  mark  the  locations  of  holes  to  be  drilled,  you  use  a 

a.  pin  punch.  c.    center  punch. 

b.  drift  punch.  d.    chassis  punch. 

19.  Chisels  and  punches  that  have  become  mushroomed  should  be 

a.  used.  c.    turned  in  for  a  new  one. 

b.  thrown  away.  d.    dressed  on  a  grinding  wheel. 


20.    The  above  pliers  are  referred  to  as 

a.  combination  pliers,    c.    water  pump  pliers. 

b.  wrench  pliers.  d.    conduit  pliers. 
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Frame  85  CContinued) 


21.    The  above  pliers  are  referred  to  as 

a.  duckbill  pliers.         c.    combination  pliers < 

b.  needle-nose  pliers,    d.    conduit  pliers. 


22.    The  above  pliers  are  often  referred  to  as 

a.  vise  grips.  c.  dykes. 

b.  wrench  pliers.  d.    combination  pliers. 


23.  The  above  pliers  are  often  referred  to  as 

a.  conduit  pliers.  c.    water  pump  pliers. 

b.  cannon  plug  pliers,    d.    wrench  pliers. 

24.  Combination  pliers  are  commonly  used  to 

a.  turn  a  nut.  c.    tighten  a  bolt. 

b.  cut  a  wire.  d.    bend  a  piece  of  metal. 

25.  To  form  loops  in  electrical  wire,  you  would  use 

a.  duckbill  pliers.         c.    wrench  pliers. 

b.  dykes.  d.    needle-nose  pliers. 

26.  To  loosen  a  cannon  plug,  you  would  best  use 

a.  water  pump  pliers.      c.    wrench  pliers. 

b.  conduit  pliers.  d.    combination  pliers. 
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Frame  85  CContlnued) 


SOCKET, 


27.    The  above  tool  is  called  a 

a*    hinge  handle.  c.    "T"  handle, 

b.    ratchet  handle.  d.    speed  handle. 


28.    The  above  tool  is  called  a 

a.    hinge  handle.  c    "T"  handle. 


b.    ratchet  handle • 


d.    speed  handle. 


29.    The  above  tool  is  called  a(n) 


a.  extension. 

b.  swivel  socket. 


c.  universal  joint. 

d.  shallow  socket. 


TWELVE 
GRIPPING 
(POINTS 


30.    The  above  socket  will  fit  a 


a.  3/4"  drive. 

b.  3/4"  bolthead. 


c.  any  size  bolthead. 

d.  3/4"  drive  and  3/4"  bolthead, 
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Frame  85  (Continued) 


DRIVE 


31*    The  above  tool  Is  called  a(n) 

a*    universal  joint*  c*  socket* 

b«    adapter*  d*    spark  plug  socket « 


32*    The  above  tool  is  called  a(n) 

a*    open*end  wrench*  c*    combination  wrench* 

b*    box-end  wrench*  d.    adjustable  wrench* 


33*    The  above  tool  is  sometimes  called  a(n) 

a*    external  wrench*  c*    box-end  wrench* 

b.    socket  wrench*  d.    Allen  wrench* 

34*    The  best  tools  for  removing  nuts  and  bolts  wherever  possible  are 
a*    adjustable  jaw  wrenches*    c*    socket  wrenches, 
b*    combination  pliers*  d*    open-end  wrenches • 
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Frame  85  (Continued) 

35 •    Which  socket  handle  can  be  operated  without  having  to  raise  the 
socket  off  the  nut  for  another  '1>ite"? 

a.    Hinge  handle*  c.    Speed  handle. 

b*    Ratchet  handle.  d.    "T"  handle. 

36.  To  get  to  a  nut  that  is  located  in  a  hard-to-get-at  place,  you 
would  use  a(n) 

a.  adapter.  c.    "T"  handle. 

b.  universal  joint.  d.    speed  handle. 

37.  To  reduce  the  total  number  of  tools  required  to  be  carried  to  a 
job,  you  would  be  best  to  carry  a(n) 

a.  universal  joint.  c.  adapter. 

b.  speed  handle.  d.  extension. 

38.  Which  one  of  the  following  tools  is  best  suited  to  remove  a  nut? 

a.  Box-end  wrench.  c.    Adjustable  jaw  wrench. 

b.  Open-end  wrench.  d.  Pliers. 

39.  Which  one  of  the  following  wrenches  will  yield  the  largest  amount 
of  torque? 

a*    Short-handled  open-end       c.    Adjustable  jaw  wrench, 
wrench. 

d.    Short-handled  box-end  wrench. 

b.    Long-handled  bo*-end 
wrench. 

40.  What  is  the  correct  way  to  use  an  adjustable  jaw  wrench? 

a.  Push  it  toward  the  adjustable  jaw. 

b.  Push  it  toward  the  stationary  jaw. 

c.  Pull  it  toward  the  adjustable  jaw. 

d.  Pull  it  toward  the  stationary  jaw. 
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Prame  85  (Continued) 

41*    To  measure  the  clearance  on  a  spark  plug  gap^  you  would  best 
use  a 

a.  rule.  c.      tape  measure* 

b.  thickness  gauge.  d.      depth  gage. 

42.  To  connect  prelnsulated  terminals  to  conductors,  you  would 
best  use 

a.  wire  strippers.  c.      a  crimping  tool. 

b.  a  knife.  d.      Stakon  pliers. 

43.  The  drill  bit  on  an  electric  drill  is  inserted  in  the 

a.  mouth.  c.  nose. 

b.  chuck.  d.  lock. 

44.  The  automatic-release  torque  wrench  is  referred  to  as  the 

a.  flexible  beam  type  torque  wrench. 

b.  dial  type  torque  wrench. 

c.  screwdriver  tjrpe  torque  wrench. 

d.  breakaway  type  torque  wrench. 

45.  600  inch-pounds  is  equal  to 

a.  50  foot-pounds*  c.      10  foot-pounds. 

b.  30  foot-^pounds.  d.      5  foot-pounds. 

46.  Color  coded  tapes  on  torque  wrenches  indicate 

a.  the  torque  value  of  the  wrench. 

b.  the  last  calibration  date. 

c.  the  due  date  of  verification. 

d.  the  due  date  of  calibration. 
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Answers  to  Frame  72 

Question  No      Answer     Review  Frame 

1.  c   64 

2.  a   65 

3.  c   66 

4.  b   68 

5.  b   69 

6.  a   70 


Answers  to  Frame  85 • 

Question  No      Answer     Review  Frame  Question  No       Answer     Reviw  Frame 

1.  d  2  26.  b  37 

2.  c  4  27.  d  43 

3.  d  7  28.  b  45 

4.  _b                   10  29.  c  48 

5.  d  9  30.  b  50 

6.  d  9  31.  b  51 

7.  c                   13  32.  c  57 

8.  d                   12  33.  d  60 

9.  b  15'  34.  c  41 

10.  b                   16  35.  b  45 

11.   d  17  26.  b  48 

12.  c                   19  37.  c  51 

13.  d                   23  38.  a-  -  ---54 

14.  a                   25  39.  b  55 

15.  a   26  .       40.  c  59 

16.  b                   28  41.  b  64 

17.  a                   28  42.  c  67 

18.  c                   29  43.  b  69 

19.  d  27  hh.  d  73 

20.   a  32  hS.  a  80 

21.  b  33  li6.  -  --  --  c  8l 

22.  c  35 

23.  c  36 

24.  d  32 

25.   d  33 
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Section  I 

Frane  1 

No  Responce  Required 
Frame  2 

  1. 

  2. 

Frame  3 

 1. 

  2. 

 3. 

Frame  4 

  1. 

 2. 

  3. 

Frame  5 

1.  1.   

2.   

3. 


RESPONSE  SHEET 


Frame  6 

1.  a.   

2. 


a. 
b. 
c. 


Frame  7 

 1. 

  2. 

3. 


Frame  8 

 1. 

  2. 

 3. 

4. 


frame  9 
1.   1. 

 2. 

 3. 

 4. 

Frame  10 

 1. 

 2. 

  3. 

 4. 

Frame  11 
1.   1. 

  2. 

3. 


Frame  12 

1.   1. 

 2. 

■  3. 

Frame  13 
1. 


Frame  13  Cont'd 

 3. 

 4. 

Frame  14 

1.  a,  b,  Cf  d* 

2.  a,  b,  c,  d* 

3.  a,  b,  c,  d. 

4.  a,  b,  d. 

5.  a»  b,  c,  d. 

6.  a,  b,  c,  d. 

7.  a,  b,  d* 

8.  a,  b,  Cf  d* 

9.  a,  b,  c,  d. 

10.  a,   ^,  d. 

11.  a,  b,  c,  d« 

12.  a,  b,  c,  d. 

Section  II 
Frame  15 

 1_  1. 

 2. 

 3. 

 4. 

5. 
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RESPONSE  SHEET 


Section  II  Cont'd 
Frame  16 

1.    1. 

  2. 

  3. 

  A. 

2.    1. 

  2. 

  3. 

  4. 

Frame  17 

  1. 

 2. 

  3. 

 4. 

Frame  18 

  1. 

  2. 

  3. 

Frame  19 

1.    1. 

 2. 

 3. 

 4. 

2.  1. 


O  ■ 
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Frame  20 

1.   1. 

 2. 

Frame  21 

1.   1. 

  2. 

 3. 

Frame  22 

1.    1. 

 2. 

 3. 

Frame  23 

  1. 

  2. 

 3. 

 A. 

Frame  24  ' 

  1. 

 2. 

  i 

Frame  25 

1.    L 

  2. 

3. 


Frame  26 

 1. 

 2. 

 3. 

Frame  27 

1.   1. 

2.   1. 

 2. 

 3. 

Frame  23 
i.   1. 

 2. 

 3. 

Frame  29 

1.   1. 

 2. 

 3. 

2.   1. 

  2. 

 3. 

 4. 

 5. 

6. 
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Section  II  ContM 
Frame  30 
!•  sif  by  C|  d« 
2*  a,  b,  Cf  d« 
3*       by  d« 
4*  a,  b,  c,  d, 
5*  a,  b,  Cf  d« 
6«  a,  hf  c,  d« 
7«  a,  hf  Cf  d« 
8«  a,  b|  d* 
9«  a,  b,  c,  d, 
10*  a,  b,  c,  d« 
ll*  a,  b,  c,  d, 
12*  a,  hf  Cf  d* 
13*  a,  b,  c,  d, 
14.  a,  bf  Cf  d. 

Section  III 
Frame  31 

No  Response  Required 
Frame  32 

 1. 

 2. 

 3. 

Frame  33 

 1. 

 2. 
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Frame  33  Cont'd 

 3. 

 4* 

•Frame  34 

 1. 

  2. 

 3. 

 4. 

Frame  35 

 1. 

 2. 

 3. 

 4. 

 5. 

Frame  36 

 1. 

 2. 

3. 


Frame  37 

  I. 

 2. 

 3. 

4. 


Frame  38 
1. 


Frame  39 

 1. 

 2. 

 3. 

'frame  40 
1«  a,  by  Cf  d« 
2 •  a,  b »  c,  d« 
3*.   * )  hf  Cf  d« 
4,  a,  b,  c,  d« 
5«  ay  by  C|  d« 
6«  a,  by  C|  d* 
7«  a,  hf  C|  d* 
8«  a,  b»  c,  d« 
9«  a,  b,  c,  d« 
10*  a,  b,  c,  d. 
Section  IV 
Frame  41 

  1. 

 2. 

 3, 

Frame  42 

 1. 

 Z. 

Frame  43 

 !• 

2. 
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Secctlon  IV  Cont'd 
Frame  44 

 1. 

 2. 

  3. 

Frame  45 

 1. 

 2. 

3. 


Frame  46 

 1. 

 2. 

  3. 

Frame  47 

 1. 

 2. 

Frame  48 

 1. 

 2. 

3. 


Frame  49 
1.   1. 

  2. 

 3. 

4. 


Frame  49  Cont'd 

 5. 

 6. 

2.   1." 

  2. 

  3. 

  4. 

  5. 

 6. 

Frame  50 

 1. 

  2. 

  3. 

4. 


5. 
6. 


Frame  51 

 1. 

 2. 

  3. 

4. 


Frame  52 

 1. 

2. 


Frame  53 
1.   1. 

 2. 

  3. 

 4. 

 5. 

6. 


2. 


.  8. 
.  9. 
,  10. 

12. 

1. 

2. 

3. 

4. 

5. 


Frame  54 

 1. 

 2. 

3. 


RESPONSE  SHEET 


Section  IV  Cont'd 
Fraae  55 

 1. 

 2. 

 3. 

  4. 

 5. 

Frame  56 

 1. 

2. 


3. 


Frame  57 

 1. 

2. 


Frame  58 

 1. 

 2. 

 3. 

Frame  59 

 1. 

  2. 

3. 


Frame  60 

 1. 

 2. 

3. 


Fraae  61 

 1. 

 2. 

 3. 

Frame  62 

1.   1. 

 2. 

 3. 

 4. 

 5. 

2.    L 

  2. 

 3. 

  4. 

Frame  63 

!•  a,  b,  c,  d. 

2.  a,  b,  c,  d, 

3.  a,  b,  c,  d. 

4.  a,  b,  c,  d. 

5.  a,  b,  c,  d. 

6.  a,  b,  c,  d. 

7.  a,  b,  c,  d. 
8<  a,  b,  c,  d. 

9.  a,  b,  c,  d. 

10.  a,  b, .c,  d. 


Frame  63  Cont'd 

11.  a,  b»  c,  d. 

12.  a,  b,  c,  d. 

13.  a,  b,  c,  d. 

14.  a,  b,  c,  d. 

15.  a,  b,  c,  d. 

16.  a,  b,  c,  d. 

17.  a,  b,  c,  d. 

18.  a,  b,  c,  d. 
Section  V 
Frame  64 

 1. 

 2. 

 3. 

Frame  65 

 1. 

 2. 

 3. 

4. 
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Frame  66 

 1. 

 2. 

 3. 

Frame  67 

 1. 

 2. 

 3. 


Section  V  ContM 


Frame  68  Frame  73  Franie  85  Con't 

        ,    ,    ,  33.  a,  b,  c,  d- 

1.   1. 

2. 


Frame  69 

a. 

b. 

c. 

d. 

Frame  70 

a. 

b. 

c. 

d. 


6*  a,  b,  c,  d. 


1._  2. 

Frame  tIT 

1. 

Frame  yT" 

1 2 .__ 

3.__ 

Frame  76 

1 2._ 

3._ 

Frame  77 

1._  2._ 

Frame  78 

1 2._ 

3._ 

Frame  79 

1 . 

3. 

5. 

Frame  80 

1.   2._ 

_  3.. 

9.  a,  b,  c,  d.  3U.  a^  b.  c,  d. 

10.  a,  b,  c,  d.  3$»  a,  b,  c,  d, 

11.  a,  b,  c,  d.  36.  a,  b,  c,  d, 

12.  a,  b,  c,  d.  37.  a,  b,  c,  d 

13.  a,  b,  c,  d.  38.  a,  b,  c,  d 
lU.  a,  b,  c,  d.  39.  a,  b,  d 

15.  a,  b,  c,  d.  UO.  a,  b,  c,  d 

16.  a,  b,  c,  d.  Ul .  a,  b,  c,  d 

17.  a,  b,  c,  d.  U2.  a,  b,  c,  d 

18.  a,  b,  c,  d.  U3.  a,  b,  d 

19.  a,  b,  c,  d.  Ul;.  a,  b,  c,  d 

20.  a,  b,  c,  d.     U5.  a,  b,  c,  d 
Frame  71                   Frame  8l 

1*  2.  .  3.   21.       b,  c,  d.     U6.  a,  b,  c,  d 

a. 

Frame  82  22.  a,  b,  c,  d. 

b.  1.   2.   3.   

23.  a^  b^  d. 

c.  Frame  83 

1  •  2.  3.  U.    2U,  a,  b,  c,  d. 


d. 

Frame  72 

1.  a,  by  d. 

2.  A,  b,  c,  d. 
3*  ay  by  Cy  d» 

4.  a,  b,  c,  d. 

^         .  5-  a>       c,  d,  30.  a,  b,  c,  d. 

5.  a,  b,  c,  d. 


Section  VI   Pr^mP  85  25.  a,  b,  c,  d. 

1 .  a,  b,  c,  d.  26.  a,  b,  c,  d. 

2.  a,  b,  c,  d.  27.  a,  b,  c,  d. 
J.  a,  b,  c,  d.  28.  a,  b,  c,  d. 
\.  a,  b,  c,  d.  29.  a,  b,  c,  d. 


6.  a,  b,  c,  d.  31.  a,  b,  c,  d. 

a,  b,  c,  d.  32.  a,  b,  c,  d. 
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«U^.  GOVERNMENT  PfllNDNGOrFICE:  1981-669-008/276 


Environmental  Pneudraulics  Branch 
Chanuta  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-HO-303 
27  October  1983 


PURPOSE  OF  CONSOLIDATED  TOOLKIT  (CTK) 


Dollars  out  of  your  pocketlll    Sounds  drastic,  dosen't  it? 
Everyday  throughout  the  military,  thousands  of  dollars  are  wasted 
through  foreign  object  damage  (FOD).    These  initials  -  FOD  -  are 
probably  new  to  you,  but  during- your  stay  in  the  Air  Force  they  will 
become  familiar  to  you. 

foreign  Object  Damage  is  caused  by  a  variety  of  things,  mostly 
man-made.    A  mechanic  installs  a  new  engine  bleed  valve.    During  his 
installation  he  drops  a  1/4"  bolt  (sounds  pretty  small,  right?).  In 
his  haste  to  complete  the  job,  he  fails  to  check  the  area  for  FOD  items. 
This  small  1/4"  bolt  is  eaten  by  the  engine.    Engines,  you  will  find, 
have  a  big  appetite;  they  will  eat  anything  that  can  pass  their  inlet  - 
bolts,  nuts,  safety  wire,  tools,  rocks,  even  ear  defenders  and  hats. 
The  bolt,  while  being  digested  by  the  engine,  nicks  two  compressors  and 
three  turbine  blades.    This  damage  does  not  become  known  until  the  pilot 
advances  the  throttles  on  takeoff.    The  turbine  blades  crack,  causing 
the  engine  to  be  out  of  balance.    The  engine  disintegrates,  rupturing 
the  fuel  cells.    Scratch  one  aircraft  and  eight  people  (four  crew  members 
and  a  family  of  four)  as  the  aircraft  crashes  on  a  highway  two  miles  from 
the  runway.    Although  this  is  fictitious,  incidents  such  as  this  have 
happened  and  will  continue,  unless  we  all  practice  good  FOD  prevention. 

In  dollars  alone,  we  spend  millions  that  need  not  be  spent  from 
damage  caused  by  foreign  objects.  In  1976,  SAC  spent  over  a  million 
dollars  due  to  FOD.  This  includes  damaged  engines,  tires,  equipment 
and  personal  injuries. 

We  all  complain  about  spending  our  money,  especially  when  we  have 
nothing  to  show  for  it.    FOD  is  a  major  drain  on  your  pockets    Being  in 
the  Air  Force  you  tend  to  lose  twice.    How?    First,  your  tax  dollars 
must  be  used  to  remedy  FOD;  they  must  pay  to  replace  or  repair  items 
damaged  by  FOD,    Secondly,  since  the  Defense  budget  is  fixed  (you  get 
a  set  amount  to  operate  on  for  one  year);  the  more  you  spend  needlessly, 
the  less  you  have  to  operate  on  daily.    As  an  example  of  this,  if  a  B-52 
tire  is  damaged  by  FOD,  S280.00  is  spent  out  of  the  Air  Force  budget. 
This  is  $280.00  less  you'll  have  to  spe.id  on  new  equipment  to  make  your 
job  a  little  easier.    It  is  really  a  needless  expense,  so  practice  good 
FOD  prevention;  it  makes  good  sense! 

While  doing  your  projects,  you  will  be  required  to  practice.  FOD 
prevention.    This  means  you  will  use  care  not  to  allow  nuts,  bolts, 
safety  wire,  etc.,  to  be  left  in  your  work  area  when  you  complete  your 
assigned  job.    Use  the  magnet  provided  to  remove  «11  traces  of  FOD. 
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HHv.kS  your  project  area.    If  your  instructor  finds  FOD  items 

tlll^  Jis  Inspection  of  your  project,  you  will  be  required  to  reaccomplish 
the  project.    This  is  treated  the  same  as  a  technical  error  and  a  failure 
will;  be  entered  in  your  progress  record.    Get  used  to  it  now.  since  it 
will  become  a  part  of  your  everyday  life  during  your  Air  Force  career. 

projects,  you  will  also  use  a  consolidated 

n!ri«  JnS    "  "  *         *  i«        °f  "^^^  integral 

It  l,    ^      ;  FOD  program.    This  kit  is  a  quick  means  of  identifying  lost 
or  misplaced  tools.    They  are  made  in  many  forms,  such  as  bags,  shadow 
brilfciser*  designed  to  fit  into 

< 

A  CTK  is  one  of  these  containers  mentioned  and  is  usually  filled 
with  strips  of  styrofoam  or  some  type  of  spongy  material.    A  silhouette 
of  that  tool  is  cut  out  and  usually  painted  a  specific  color.    The  tools 
required  to  do  the  job  are  then  placed  in  the  container.    This  is  done 
so  that  any  shortage  can  instantly  be  identified. 

If  any  shortage  does  occur,  you  can  easily  find  the  tool"  since  you 
have. not  left  the  job.    You  must  backtrack  until  you  find  the  tool. 
This  will  prevent  FOD  and  perhaps  save  thousands  of  dollars  in  FOD  damage. 
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This  handout  is  in  four  sections.    Section  I  is  a  list  of  frequently 
used  abbreviations.    Section  II  is  frequently  used  synibols.    Section  III 
is  intended  to  give  you  general  definitions  that  apply  to  several  areas 
of  study.    Section  IV  (electrical  t-rms)  is  more  specific  in  that  the 
terms  apply  to  one  main  area  of  stu-iy.    Anytime  you  are  studying  a  piece 
of  material  that  has  words  of  which  you  are  not  sure  of  the  definition, 
use  this  handout.    If  the  definition  is  not  in  this  handout  please 
consult  your  instructor. 

SECTION  I.    FREQUENTLY  USED  ABBREVIATIONS 

a  Amperes 

A.C.  Alternating  Current 

A/C  Air  Conditioning 

ACFT  Aircraft 

AN  Array-Navy  (cype) 

ATM  Air  Turbine  Meter 

Btu  British  Thermal  Unit 

CB  Fire  Extinguishing  Agent  (Bromochloromethane) 

C/B  Circuit  Breaker 

C  Celsius  (previously  Centigrade) 

CFM  Cubic  Feet  Per  Minute 

Cu.In.  Cubic  Inches 

Ap  Delta  Pressure  (Differential  Pressure) 

D.C.  Direct  Current 

E  Electromotive  Force  (volts) 

EBA  Engine  Bleed  Air 

f  Farad 

F  Fahrenheit 

GPM  Gallons  Per  Minute 

H^O  Water 

Hg  Mercury 

I  Current  (Intensity)  (Ampere) 

LPM  Liters  Per  Minute 

-fV  Ohms 

P  Power  (Watts) 

PPM  Pounds  Per  Minute 

PHE  Primary  Heat  Exchanger 

psi  Pounds  Per  Square  Inch 

psia  Pounds  Per  Square  Inch  Absolute 

psid  Pounds  Per  Square  Inch  Differential 

psig  Pounds  Per  Square  Inch  Gauge 

Supersedes  3ABR42331-HO-101,  3AAR42371-HO-102,  7  August  1979. 
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R  Resistance  (Ohms) 

rpm  Revolutions  Per  Minute 

SHE  Secondary  Heat  Exchanger 

SOV  Shutoff  Valve 

O  Sigma 

V  Volts 

w  Watts 
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SECTION  II.    FREQUENTLY  USED  SYMBOLS 


SOLID  STATE 


NPN  PNP 
TRANSISTORS 


DIODE 


ZENER  DIODE 


AC  GENERATOR 


C@l  DCGK/V/:RATOR 


TRANSFORMER 


_L 

CAPACITOR 


1 


I 

DATTERY 


GROUND 


DEAD  END 


XI 


X2 


.A2 


SPST  RELAY 
(FIXED-CORE  TYPE 


SPST  RELAY 
(SOLENOID-TYPE) 


AMMETER 

VOLTMETER 
OHMMETER 


CLEAR  LAMP 
RED  LAMP 
YELLOW  LAMP 


4 
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FIXED  RESISTOR 


® 


1 


VARIABLE  RESISTOR  RHEOSTAT  (INTERNAL)  POTENTIOMETER 

(SENSOR)  (VARIABLE)  (VARIABLE  RESISTOR) 


CIRCUIT  BREAKER 
(TOGGLE-TYPE) 


A 

CIRCUIT  BREAKER 
(PUSH) 


A 

CIRCUIT  BREAKER 
(PUSH-PULL) 


▲  ▲ 

MICROSWITCH 
(LIMIT  SWITCH) 


SPST  SWITCH 
(TOGGLE) 


▲  ▲ 

PUSH-BUTTON  SWITCH 


PLUG 
(3  WIRE) 


CONNECTION 


CROSSING 
(NO  CONNECTION) 


A 

B 

C 

CROSSING  WIRES 
(NOT  SPLICED) 


VENTURI 


A 

B 

c 

ftF.CEPTACLE 
(3  wire) 


COIL  (WINDING) 


CHECK  VALVE 
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SECTION  III.     DEFINITIONS  OF  GENERAL  TERMS 


-A- 


ABORT 


ABSOLUTE  TEMPERATURE 
ABSOLUTE  ZERO 

ACCELERATION 
ACCESSORY  DRIVE 
ACTUATE 

AERODYNAMIC  BREAKING  FAN 

AERODYNAMIC  HEATING 
AIR 

AIR  CONDITION 

AIR  FLOW 
AIR  INLET 
AIR  INTAKE 

AIR  PRESSURE 
AIR  SCOOP 


1-Of  airborne  persons  or  aircraft;  to  turn  back  from 
an  aerial  mission  before  completion,  especially  for 
reasons  other  than  enemy  action.    2-To  cause  an  air 
mission,  sortie,  or  operation  to  fall  short  of  success 
for  reasons  other  than  enemy  act ion • 

A  temperature  expressed  in  terms  of  a  scale  beginning 
at  absolute  zero. 

Relating  to  a  temperature  scale  on  which  the  zero 
point  corresponds  to  complete  absence  of  heat.  It 
is  equal  to  -459.69^F  and  -273.16^C. 

The  action  or  process  of  velocity  increase;  the  rate 
of  velocity  increase,  often  measured  in  G's. 

A  special  driveshaft  and  gears,  operated  off  the 
engine,  to  actuate  and  drive  accessories. 

To  put  into  use;  to  move;  to  cause  to  operate. 

A  fan  designed  to  create  a  drag  on  the  turbine  of 
some  aircraft  starters,  thereby  limiting  the  turbine 
speed. 

The  heating  of  an  aircraft  due  to  the  friction  of  air, 
significant  chiefly  at  high  speeds. 

The  mixture  of  gases  in  the  atmosphere.    The  element 
through  which  aircraft  fly. 

The  process  of  conditioning  air.    This  is  done  by 
heating,  cooling,  cleaning  the  air,  and  controlling 
moisture  content. 

The  movement  of  air. 

An  entrance  for  air. 

A  scoop,  duct,  or  the  like  for  taking  in  air;  an  air 
inlet. 

Either  the  static  or  dynamic  presrure  of  air  or  both. 

A  device  or  part  mounted  on  the  aircraft  which  opens 
toward  the  front  for  taking  in  air  during  flight. 


AIR  SEAL 


Any  partition,  gasket,  or  the  like  used  to  block  off 
or  stop  the  flow  of  air. 


AIR  START 
ALTIMETER 
ALTITUDE 


AMBIENT 


ANEROID 


ANOXIA 

ANTI  (prefix) 
ANTI-G  SUIT 

ANTI-ICER 
ANTI-ICING 
ANTI-ICE  SCREEN 

ATMOSPHERE 

ATMOSPHERIC  PRESSURE 


AUTOMATIC  TEMPERATURE 
CONTROL 


AUXILIARY 


An  act  or  iastance  of  starting  an  airplane's  engine 
while  in  flight. 

A  flight  Instrument  that  Indicates  altitude  above  a 
given  reference  level,  as  above  the  sea  or  ground. 

The  elevation  of  an  object  above  a  given  level,  as 
above  sea  or  ground.    The  vertical  distance  between 
any  point  In  the  atmosphere  or  air  and  a  reference  point 
on  the  earth's  surface. 

Surrounding,  as  in  ambient  air,  and  ambient 
temperature. 

A  disc  shaped  metallic  capsule  from  which  all  air  has 
been  evacuated,  which  expresses  its  sensitivity  to 
changes  in  atmospheric  pressure  by  expanding  and 
contracting. 

Literally  the  absence  of  oxygen  In  the  blood  cells, 
or  tissues,  as  would  b<a  the  case  if  a  person  were  at 
50,000  feet  without  benefit  oi:  oxygen  equipment. 

Counter;  against;  opposing. 

A  suit  designed  to  protect  a  person  against  positive 
G  forces  over  1.75  G. 

A  device  designed  to  prevent  the  formation  of  ice. 

Of  a  compound,  a  fluid  or  equipment  that  prevents  icing. 

A  wire  mesh  screen  located  in  the  turbine  outlet  of 
some  air  conditioning  systems  that  is  designed  to 
prevent  icing  of  the  water  separator. 

The  mass  of  air  which  surrounds  the  earth. 

The  static  force  or  pressure  exerted  by  the  atmosphere 
in  any  direction  in  any  part  of  the  atmosphere* 

Designating  mechanisms  that  work  in  reaction  to  certain 
conditions  to  automatically  control  the  temperature  of 
an  aircraft  cockpit  or  cabin. 

Of  air  operated  systems;  that  supplements  or  is  in 
addition  to  regular  air  operated  systems,  as  in 
rain  removal  systems,  anti-G  suit  systems,  canopy 
seal  systems,  and  windshield  defogging  and  anti-icing 
systems. 
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AUXILIARY  POWER  UNIT 


A  power  unit  that  can  be  used  in  addition  to,  or  in 
place  of  other  sources  of  power. 


BAILOUT 

BAILOUT  OXYGEN  BOTTLE 
BALL  BEARING 


BAROMETER 

BAROMETRIC  PRESSURE 
BAROMETRIC  SWITCH 

BELLOWS 

BENCH  CHECK 

BENDS 

BERNOULI'S  LAW 

BLEED 

BLOWER 


B 


The  act  of  leaving  an  aircraft  by  parachute 
during  an  emergency. 

A  portable  metal  bottle  containing  ox^'gen  to  be  used 
by  a  person  after  bailout  at  high  altitudes.  Some- 
times called  a  "bailout  oxygen  cylinder." 

A  bearing  in  which  the  moving  parts  operate  against 
freely  revolving  steel  balls  contained  in  a  race, 
chiefly  for  the  purpose  of  reducing  friction;  anyone 
of  the  balls  in  such  a  bearing. 

An  instrument  for  measuring  atmospheric  pressure,  used 
in  such  Instruments  as  an  altimeter. 

Atmospheric  pressure  as  measured  by  a  barometer. 

A  switch  activated  by  an  aneroid  reacting  to  a 
atmospheric  pressure. 

An  open,  flexible  container  operated  by  atmospheric 
pressure. 

A  work  shop  check  of  the  condition,  completeness,  or 
working  order  of  a  piece  of  equipment. 

A  painful  cramping  in  the  joints  caused  by  a  rapid 
rise  to  high  altitudes  without  the  use  of  oxygen. 

A  law  of  physics  stating  that  as  the  velocity  of  a 
fluid  increases,  its  internal  pressure  decreases. 

To  drain  or  divert  all  or  part  of  the  contents  of  an 
air  line  or  chamber. 

A  device  for  moving  large  volumes  of  air  at  low 
pressures. 


BOILING  POINT 


The  temperature  at  which  a  liquid  vaporizes  upon 
addition  of  heat.    The  boiling  point  will  depend 
upon  the  pressure  exerted  upon  the  surface  of  the 
liquid . 


BONDING 


A  system  of  connections  or  contacts  which  insure  that 
the  metal  parts  of  an  aircraft  form  a  continuous 
electrical  unit  thus  preventing  the  arcing  of  static 
electricity. 
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BOUNDARY  LAYER 


BOUNDARY  LAYER  CONTROL 


BOURDON  TUBE 


BREATHER  TUBE 


BREECH 


BRITISH  THERMAL  mU 


A  thin  layer  of  air  next  to  an  air  foil,  distin- 
guishable from  the  main  air  flow  by  distinctive  flow 
characteristics  of  its  own  set  up  by  friction. 

The  design  or  control  of  airfoils  and  certain  airfoil 
attachments  to  reduce  or  remove  undesirable  aerodynamic 
effects,  caused  by  the  boundary  layer;  the  science 
of  such  design  and  control. 

A  metallic  C-shaped  or  coil  shaped  tube  open  at  one 
end  to  receive  gas  or  fluid  pressures,  used  in  certain 
instruments  as  a  pressure  measuring  device* 

A  tube  providing  an  opening  in' an  oil  sump  used 
to  equalize  the  pressure  in  the  oil  sump  with 
atmospheric  pressure. 

The  container  on  a  cartridge  starter  where  the 
cartridge  of  ammonium  nitrate  is  placed,  for  igniting. 

A  unit  of  heat.    The  heat  required  to  raise  the 
temperature  ot  one  pound  of  water  one  degree 
Fahrenheit.    Also,  the  heat  to  be  removed  in 
cooling  one  pound  of  water  one  degree  Fahrenheit. 


BUCKET 
BULKHEAD 

BURNER  CAN 


One  of  the  blades  or  vanes  attached  to  a  turbine  wheel. 

A  partition  or  frame  serving  to  divide,  support  or 
give  shape  to  the  fuselage  of  an  airplane. 

A  combustion  chamber  in  a  jet  engine  or  combustion 
heater. 


BY-PASS 


BYPASS,  HOT  GAS 


1-A  path  for  current  or  fluid  to  be  carried  around 
something.    2-A  route  used  as  an  alternate  when  some 
obstruction  makes  use  of  the  normal  route  impracticable. 

A  connection  from  the  discharge  side,  directly  to 
the  suction  side  of  a  compressor.  Sometimes  used 
as  a  means  of  capacity  control. 


-C- 


CABIN 

CABIN  HEATER  DUCT 
CABIN  LEAKAGE  TESTER 


An  inclosed  compartment  in  an  aircraft  for  passengers 
or  crew  members.    Also  known  as  cockpit. 

A  duct  for  conveying  heater  air  to  an  aircraft  cabin. 

Used  to  supply  air  to  the  aircraft  cabin  for  testing 
the  cabin  for  air  tightness  under  pressurized 
conditions. 


CABIN  PRESSURE 


The  air  pressure  in  an  aircraft  cabin. 
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CAM 


1.  A  rotating  or  sliding  projection  (as  on  a 
wheel. 


CAM  FOLLOWER 
CANOPY 
CANOPY  SEAL 


CAPACITY 
(REFRIGERATION) 

CAPILLARY  TUBE 


CAPSULE 
CARTRIDGE 


CARTRIDGE-PNEUMATIC 
STARTER 

CASTELLATED  NUT 


CELSIUS 


CENTRIFUGAL 
CHANGE  OF  STATE 

CHECK  POINT 

CHECK  VALVE 
CLEAR  ICE 
CLIMB 


2.  A  part  mounted  on  a  shaft  and  used  to  impart 
a  reciprocating  or  alternating  motion  to  another 
part  by  bearing  against  it  as  it  rotates. 

A  part  that  rides  the  cam. 

Any  overhanging  cover  as  in  "a  canopy  of  an  aircraft." 

An  air  seal  used  to  seal  the  cabin ,  usually 
inflated  by  air  pressure. 

It  is  the  refrigerating  effect  produced  and 
generally  measured  in  BTUs  or  tons  per  hour. 

A  tube  having  a  very  small  internal  and  external 
diameter.    They  are  used  to  connect  the  thermal 
bulb  to  t\e  upper  diaphragm  chamber  of  an  expansion 
valve  and  remote  temperature  controller. 

An  airtight  ejectable  airplane  cockpit  or  cabin. 

A  solid  propellant  of  ammonium  nitrate  used  to  turn 
the  turbine  of  a  cartridge-pneumatic  starter. 

Used  to  start  aircraft  engines  by  use  of  either  a 
solid  propellant  cartridge  or  bleed  air. 

A  nut  divided  into  slots  to  receive  a  cotter  pin  and 
thus  resembling  a  castle. 

A  thermometer  scale  (sometimes  called  Centigrade)  in 
which  0  degrees  represents  the  freezing  point  and 
100  degrees  represents  the  boiling  point  of  water 
under  standard  atmospheric  conditions. 

Moving  or  directed  away  from  the  center  of  rotation. 

A  change  in  the  physical  characteristics  of  a 
substance  such  as  ice  becomes  water  or  water  becomes 
steam. 

A  known  or  designated  point  used  as  a  reference 

in  troubleshooting  an  electrical  system.  Sometimes 

called  test  point  (TP) . 

A  valve  that  automatically  prevents  a  reverse  flow 
of  a  gas  or  fluid. 

A  transparent  ice  deposited  in  layers  on  the  airfoils 
of  an  airplane  in  flight.    Also  called  glaze. 

Of  an  airplace;  to  ascend  or  gain  altitude  especially 
under  power. 
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(CARBON  DIOXIDE) 
COCKPIT 

COMBUSTION 
COMBUSTION  CHAMBER 
COMPENSATOR 
COMPONENT 

COMPRESSOR 

CONDENSE 
CONDENSER 

CONDUCTION 

CONSTANT  FLOW  OXYGEN 
EQUIPMENT 

CONTINUOUS  PRESSURE 
BREATHING 

CONTROL  AIR 
CONTROL  PANEL 

CONTROL  SURFACE 

CONVECTION 

CONVERTER 

COOLER 

O 

ERIC 


Sometimes  used  as  a  fire  extinguishing  agent. 
See  Cabin 

A  chemical  action,  or  burning;  Jthe  burning  of  a 
fuel-air  mixture. 

A  chamber  or  cylinder-like  assembly  where  fuel  and 
air  are  mixed,  ignited,  and  burned. 

Any  device  used  to  offset  or  allow  for  undesirable 
forces  or  motions. 

A  constituent  part  of  €  whole,  especially  one  having 
no  function  apart  from  tUe  whole,  as  the  wing  of  an 
airplane. 

A  machine  or  apparatus  for  compressing  something; 
especially  for  compressing  air. 

To  change  state  from  a  gas  to  a  liquid. 

A  device  for  removing  heat  from  a  gas  for  the  purpose 
of  causing  the  gas  to  condense  to  a  liquid. 

Heat  transmission  by  contact  of  two  sxibstances. 

A  kind  of  oxygen  equipment  designed  to  supply  a 
continuous  flow  of  oxygen  to  the  user.    Also  called 
continuous  flow  oxygen  equipment. 

A  kind  of  pressure  breathing  in  which  a  minimum  amount 
of  pressure  variation  exists  inside  the  mask.  See 
pressure  breathing. 

Compressed  air  used  as  a  controlling  device. 

A  surface  or  panel  on  which  switches,  rheostats,  and 
indicators  are  located  for  controlling  and  supervising 
system  operation. 

In  a  broad  sense,  any  movable  airfoil  used  to  guide 

or  control  an  aircraft  including  the  rudder,  elevators, 

ailerons,  spoiler  flaps,  trim  tabs,  and  the  like. 

The  vertical  movement  of  a  limited  body  of  air.  The 
rising  of  relatively  warm,  light  air;  the  downward 
movement  of  relatively  cold,  heavy  air. 

As  applied  to  an  oxygen  system.    A  double  wailed,  vacuum 
insulated  container  that  is  spherical  in  shape  and  is 
used  as  a  storage  space  for  liquid  oxygen. 

Heat  exchanger  that  cools  substances  flowing  through 
it. 
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COOLANT 

CORROSION 

COWLING 

CRITICAL  TEMPERATURE 

CUT-IN  POINT 
CUT  OFF  SPEED 

CUT-OUT  POINT 
CYCLE 

DECELERATION 

DECOMPRESSION 

DEICER 

DEICER  BOOT 

DEMAND  REGULATOR 

DENSITY 
DEPRESSURIZE 


Any  substance  used  to  cool. 

To  eat  away  gradually  by  chemical  action.  Also 
called  rust. 

A  covering  of  metal  or  other  material  placed  over 
or  around  an  aircraft  component  or  section  for 
directing  and  regulating  the  flow  of  cooling  air; 
for  streamlining  and  for  protecting  the  part  or 
section  covered. 

Temperature  of  a  gas  above  which  it  cannot  be 
liquefied  by  pressure  alone,  regardless  of  the 
amount  applied. 


The  temperature  or  pressure  at  which  a  controller 
will  function  to  start  the  equipment  controlled. 


The  speed  at  which  electrical  power  to  a  starter 
control  valve  is  removed,  thereby  closing  the  starter 
control  valve  and  stopping  the  rotation  of  a 
pneumatic  starter. 

The  temperature  or  pressure  at  which  a  controller 
will  function  to  start  the  equipment  controlled. 

Complete  course  of  operation  of  a  refrigerant  back 
to  a  starting  point,  also  used  in  general  for  any 
repeated  process  of  a  system. 

-D- 

The  action  or  process  of  velocity  decrease;  the 
rate  of  velocity  decrease,  often  measured  in  G^s. 

The  process  of  decreasing  the  air  pressure  within  a 
chamber  or  cabin. 

Any  of  several  devices  used  especially  during  flight 
for  keeping  certain  surfaces  of  an  aircraft  free 
of  ice. 

A  rubber  strip  on  the  leading  edge  of  an  airfoil 
actuated  pneumatically  to  break  the  ice  that  has 
formed. 

A  device  used  in  an  aircraft  oxygen  system  to  supply 
oxygen  automatically  through  the  mask  to  a  flyer 
according  to  the  demand,  the  flow  being  controlled 
according  to  altitude. 

The  weight  per  unit  volume  of  a  substance. 

To  release  the  pressure  from  a  pressurized  compartment 
of  an  aircraft. 
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DESICCANT 


DESICCATOR 


DIAPHRAGM 


A  chemical  which  absorbs  moisture  from  the  air.  Used 
to  keep  the  air  inside  packing  cases  or  pieces  of 
equipment  dry, 

A  unit  containing  a  chemical  which  absorbs  moisture 
from  the  air* 

A  dividing  partition,  membrane,  or  capsule  that 
expands,  contracts,  or  vibrates,  serving  various 
purposes  in  certain  airplane  parts. 


DIFFERENTIAL  PRESSURE         The  difference  between  two  pressures, 


DIFFERENTIAL  RANGE 


Applicable  to  aircraft  pressurization;  a  range  of 
altitudes  where  a  preset  differentia?  pressure  will 
be  maintained  between  the  inside  and  outside  of  the 
aircraft  cabin. 


DISCHARGE  PRESSURE 
(HIGH  SIDE) 


Operating  pressure  measured  at  the  outlet  of  the 
of  the  compressor. 


DOUBLE  HINGED  SWIK  NG  A  duct  support  bracket  found  in  the  leading  edge  of 
GATE  DUCT  SUPPORT  BRACKET  wing  that  will  allow  a  pivot  action  to  take  place 

during  expansion  and  contraction  of  the  duct. 


DRIER 


A  device  containing  a  desiccant  for  the  purpose  of 
removing  moisture  from  a  refrigerant. 


DUCT 


DUCT  UNIVERSAL  JOINT 


DKiF  VALVE 


A  tube  or  passage  for  conveying  air  or  gases  to  its 
point  of  use. 

A  bellows  type  assembly  placed  in  the  duct  runs  to 
provide  for  absorption  of  movement  in  the  ducts  due 
to  thermal  stresses  and  structure  leading. 

Applicable  to  aircraft  pressurization;  a  valve  used 
during  emergencies  (bailout)  for  rapid  decompression 
of  the  pressurized  areas* 


-E- 


ELEVATOR 


ENGINE  BLEED  AIR 


ENGINE  NACELLE 


A  control  surface,  usually  attached  to  the  horizontal 
stabilizer,  moved  to  make  the  tail  cf  the  aircraft  go 
up  and  down. 

Compressed  air  that  is  bled  from  a  jet  engine  or 
gas  turbine  unit. 

A  nacelle  primarily  used  for  housirg  an  engine  and 
its  associated  parts. 
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EVAPORATION 


The  process  of  converting  a  liquid  to  a  gas. 


EVAPORATOR 


EXPANSION  VALVE 


Any  device  in  v.  -.ch  a  refrigerant  is  evaporated 
for  the  purpose  of  extracting  heat  from  the 
surrounding  medium* 

A  device  designed  to  neater  the  flow  of  liquid 
refrigerant  to  an  evaporator* 


FAHRENHEIT 


FAN 


FEEDBACK 


FILTER 


FIRE  EXTINGUISHER 


FLAMMABLE 


-F- 

A  temperature  scale  in  which  32  degrees  is  the 
freezing  point  and  212  degrees  represents  the  boiling 
point  of  water  under  standard  atmospheric  conditions* 

A  device  for  moving  large  volumes  of  air  at  extremely 
low  pressures. 

In  electronics  and  electricity,  feedback  is  the 
transfer  of  energy  from  the  output  to  the  input  of 
the  same  electrical  system. 

Any  device  or  substance  through  which  something  is 
passed  in  order  to  cleanse,  purify,  or  separate  it. 

A  device  used  in  putting  out  fires.    May  be  a  fixed 
or  portable  unit. 

Combustible,  easily  ignited. 


FLAP 


Any  control  surface  such  as  speed  brakes,  dive  brakes, 
or  dive  recovery  brakes,  that  are  used  primarily  to 
increase  the  lift  or  drag  on  an  airplane. 


FLASH  GAS 


Gas  generated  whenever  pressure  is  reduced  on  a 
liquid  held  at  a  boiling  temperature. 


FLOODBACK 


A  carry-over  of  liquid  refrigerant  from  the 
evaporator  to  the  suction  line  of  a  refrigeration 
unit. 


FLOWMETER 

FLOWRATOR 

FOLDING  WING 
FORCE 


An  instrument  that  measures  and  displays  the  rate 
of  a  large  flow  of  a  liquid  or  gas. 

An  instrument  that  measures  and  displays  the  rate 
of  a  small  flow  of  a  liquid  or  gas. 

A  wing  so  hinged  that  it  may  be  turned  upward. 

Fewer  or  energy  exerted  against  a  material  body  in  a 
given  direction. 
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FRANGIBLE  DISC 

FREEZING  POINT 
FROST 

FUSELAGE 

FUSIBLE  PLUG 

FUEL  NOZZLE 
FUEL  PUMP 

G-FORCE 
GAS 

GAS  TURBINE 

GAS  TURBINE  COMPRESSOR 

GAS  TURBINE  UNIT 

GASKET 
GAUGE 

GO-NO-GO  GAUGE 


A  device,  usually  made  of  metal*  which  is  scored  to 
break  dt  the  score  lines  when  pressure  is  applied. 
Used  in  fire  extinguisher  systems. 

The  temperature  at  which  substances  become  stiff 
or  imiQobile. 

A  feathery  deposit  of  minute  ice  crystals  or  grains 
upon  a  surface  or  object  formed  directly  from  vapor 
in  the  air. 

The  main  structure  or  central  section  of  an  airplane 
which  houses  or  contetins  the  crew,  passengers,  or 
cargo. 

A  safety  device  having  an  insert  of  a  low  melting  point 
alloy.    At  excessive  temperatures  the  alloy  will  melt 
and  release  the  sxibstance  inside. 

Atomizes  and  sprays  the  fuel  into  the  combustion 
chamber  of  a  heater  for  proper  burning. 

Delivers  aircraft  fuel  under  pressure  to  the  fuel 
nozzles  in  combustion  heaters  and  engines. 

The  gravitational  force  or  pull  of  the  earth. 

Any  substance,  like  air,  carbon  dioxide,  or  chlorine 
that  has  no  shape  or  volume  independent  of  a  container 
that  might  hold  it,  and  tending  to  expand  indefinitely. 
Distinguished  from  a  liquid  or  a  solid. 

A  mechanical  unit  that  spins  or  rotates  in  reaction 
to  a  flow  of  gas  passing  through  or  over  it. 

A  small  gas  turbine  engine  that  is  mounted  on  board 
the  aircraft  to  provide  hot,  high-pressure  air  for 
ground  checking  of  the  air  conditioning  systems  and 
starting  aircraft  engines. 

A  small  gas  turbine  engine  that  supplies  hot,  high- 
pressure  air  for  aircraft  use  and  emergency  electrical 
and  hydraulic  power.    This  unit  will  be  mounted  on- 
board the  aircraft.     See  auxiliary  power  unit. 

A  piece  or  ring  of  rubber,  metal,  paper,  etc., 

placed  around  a  piston  or  joint  to  make  it  leak  proof. 

A  measuring  instrument.    Also  spelled  gage. 

A  key  like  piece  of  metal  used  for  measuring 
clearances  between  points. 
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GRAVITY 


GROUND  AIRCART 


GROUND  CHECK 


GROUND  COOLING  EJECTOR 


GROUND  SUPPORT  EQUIPMENT 


G-SUIT 


1-The  force  that  makes  a  body,  if  free  to  move, 
accelerate  toward  the  center  of  the  earth.    2-A  G-force 
due  to  acceleration  and  deceleration. 

A  device  consisting  of  a  small  gas  turbine  engine 
used  to  provide  hot,  high-pressure  air  for  starting 
the  aircraft  engines  and  ground  checking  the  air 
conditioning  system. 

To  check  or  operate  an  aircraft  on  the  ground 
before  it  becomes  airborne. 

Forces  engine  bleed  air  out  of  a  nozzle  to  create  a 
low  pressure  area  in  the  heat  exchanger  ram  air  exhaust, 
that  draws  cooling  ram  air  across  the  heat  exchanger. 
See  jet  pump. 

The  equipment  required  to  maintain  and  care  for  an 
aircraft  while  on  the  ground. 

A  garment  containing  a  number  of  bladders  for  covering 
parts  of  the  body  below  the  chest,  designed  to 
inflate  automatically  to  the  exact  pressure  to  prevent 
or  retard  the  pooling  of  blood  below  the  heart  during 
exposure  to  abnormal  G  forces.    Also  called  anti- 
blackout  suit  and  anti-G  suit. 


HEAT  EXCHANGER 


HEAT,  LATENT 


1-In  aircraft  air  conditioning,  a  device  or  system 
whereby  heat  is  transferred  from  the  hot  engine  bleed 
air  to  the  ram  air,  thereby  cooling  the  engine  bleed 
air.    2- In  a  more  general  sense,  any  device  which 
transfers  heat  from  one  substance  to  another,  such 
as  a  water  radiator. 

Heat  added  or  removed  which  cannot  be  measured  by 
a  change  in  temperature  but  causes  a  change  in 
sta te. 


HANG  FIRE 


HIGH  PRESSURE  OXYGEN 
EQUIPMENT 

HIT  KIT  SPOT  WELDER 


HORIZONTAL  STABILIZER 


Pertaining  to  cartridge  starters;  an  abnormal  delay 
between  the  actuation  of  the  ignitor  and  the  establish- 
ment of  the  balanced  burning  pressure  of  the 
cartridge  during  a  cartridge  start. 

A  kind  of  aircraft  oxygen  equipment  designed  to 
withstand  a  relatively  high  internal  gas  pressure. 

A  portable  welding  machine  that  can  be  used  to 
repair  metal  foil  duct  insulation. 

The  horizontal  component  of  an  airplane's  empennage 
extending  on  both  sides  of  the  fuselage. 
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HUMIDITY,  RELATIVE 


The  amount  of  moisture  in  the  air  stated  in  terms 
of  percentage  of  total  saturation  at  the  existing 
dry  bulb  temperature. 


HYPEROXIA 
HYPERVENTILATION 


Excess  of  oxygen  in  the  body. 

Over  breathing;  excessive  loss  of  carbon  dioxide 
from  the  blood. 


HYPOXIA 


ICING 


IGNITER  PLUG 


IGNITION  HARNESS 


IGNITION  SYSTEM 


INDICATOR 

INDICATOR,  RATE  OF 
CHANGE 

INNER  LINER 


Oxygen  deficiency  in  the  blood,  cells  or  tissues. 
-I- 

The  act  or  process  of  atmospheric  moisture  freezing 
upon  the  surfaces  of  an  aircraft;  the  condition 
in  which  this  phenomenon  takes  place. 

A  spark  plug  used  to  ignite  the  fuel  mixture  in  a 
combustion  heater. 

A  system  or  assembly  of  wires,  together  with  any 
shielding  or  conduits  inclosing  them,  for  conducting 
electric  current  to  the  igniter  plug  of  a  combustion 
heater. 

The  electrical  system  which  supplies  the  spark  for 
the  combustion  of  fuel  in  a  combustion  heater. 

An  instrument  or  device • 

Indicates  the  rate  of  pressure  change  in  the  cabin  or 
cockpit  of  an  aircraft. 

The  inner  shell  of  a  combustion  chamber  inserted  to 
diffuse  the  compressed  air  in  the  chamber  and 
maintain  an  efficient  flame  pattern. 


ISOBARIC  PRESSURE 


Having  the  same  barometric  pressure. 


ISOBARIC  RANGE 


Applicable  to  aircraft  pressurization;  a  range  of 
altitudes  where  the  atmospheric  pressure  in  the 
cockpit  is  held  at  the  same  pressure  regardless  of 
the  aircraft  altitude. 


JET  PUMP 


A  device  that  will  create  a  low  pressure  area  in  the 
ram  air  outlet  of  a  heat  exchanger  which  wil]  draw 
additional  ram  air  across  the  heat  exchanger.  See 
ground  cooling  ejector. 


JET  NOZZLE 


nozzle  producing  a  jet  of  liquid  or  gas. 
liaust  nozzle  for  the  escape  of  gases. 


An 
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KINETIC 

LABYRINTH  SEAL 

LAMINATED  METAL 

LANDING  FLAP 

LAW  OF  HEAT  TRANSFER 
LEAK  TEST 

LEAK  TEC 

LIMIT  SWITCH 

LINE,  DISCHARGE 

LINE,  LIQUID 

LIQUID 

LITER 
LOAD,  HEAT 


LOW  PRESSURE  OXYGEN 
EQUIPMENT 

LOW  SIDE  (SUCTION 
SIDE) 

LUBE 


MAl^OMETER 


Pertaining  to  or  due  to  motion. 
-L- 

A  carbon  seal  used  in  refrigeration  packs  of  aircraft 
air  conditioning  systems. 

Metal  consisting  of  two  or  more  metal  plates  bonded 
securely  together. 

A  flap  used  especially  to  slow  an  airplane  dcwn 
for  landing. 

Heat  always  travels  from  hot  to  cold. 

Tests  made  in  various  manners  to  determine  the 
existence  and  location  of  leaks. 

A  soapy  solution  used  to  determine  the  existence 
and  location  of  leaks  in  an  oxygen  system. 

On  valves;  a  switch  that  is  actuated  when  the  open 
oi  closed  limits  of  a  valve  are  reached. 

Refrigerant  piping  or  tubing  between  the  compressor 
and  condensor. 

Refrigerant  piping  or  tubing  between  the  receiver 
and  expansion  valve. 

A  substance,  like  water,  neither  solid  nor  gaseous, 
that  flows  freely  and  conforms  to  the  shape  of  a 
container. 

A  liquid  measure^    Approximately  34  ounces. 

The  amount  of  heat  per  unit  time  imposed  on  a  refrigerant 
system  or  the  required  rate  of  heat  removed. 

A  kind  of  aircraft  oxygen  equipment  designed  to 
function  at  a  relatively  low  internal  gas  pressure. 

Part  of  a  refrigerant  system  in  which  a  refrigerant 
pressure  corresponds  to  the  evaporator  pressure. 

Shr^rt  for  lubricating  oil. 

Used  to  measure  absolute  and  differential  pressures. 
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MASTER  SWITCH 


The  min  switch  that  will  control  the  starting  and 
stopping  of  the  entire  system. 


MATTER 

MERCURY  BAROMETER 
METAL  FOIL  INSULATION 


MINIMUM  TEMPERATURE 
CONTROL  SYSTEM 


MISFIRE 
MICRON 

MODULATING  VALVE 
MOISTURE  SEPARATOR 


NACELLE 


NEGATIVE  G 


NEGATIVE  TEMPERATURE 
COEFFICIENT 


NOMENCLATURE 


NOZZLE 


NULL 


Anything  that  has  weight  and  occupies  space. 

A  barometer  using  mercury  as  the  sensitive  element 
for  measuring  atmospheric  pressure. 

An  insulation  wrapped  around  hot  air  ducts  to  minimize 
the  heat  loss  from  the  ducts,  prevent  damago  to  the 
structure  and  equipment  adjacent  to  the  ducts,  and 
prevent  injury  to  personnel  coming  In  contact  with 
the  ducts. 

An  aircraft  temperature  control  system  designed  to 
prevent  the  temperature  of  the  refrigerated  air  from 
getting  too  low. 

Pertaining  to  the  cartridge  starter,  the  failure  of 
the  cartridge  of  a  cartridge  starter  to  ignite. 

Measurement  of  size  used  in  rating  filters. 

A  valve  that,  as  part  of  a  cabin  temperature  control 
systems,  varies  its  position  to  Maintain  the 
temperature  at  a  constant  point. 

A  device  used  to  remove  moisture  from  an  aircraft 
air  conditioning  system. 

-N- 

A  separate  streamlined  inclosure  on  an  airplane  for 
sheltering  and  housing  something. 

A  G-force  exerted  upon  the  human  body  acting  from 
the  foot  to  head. 

Characteristic  of  a  device  or  substance  in  which 
its  resistance  is  indirectly  proportional  to  change 
in  its  temperature,     (If  temperature  increases,  its 
resistance  decreases;  if  temeprature  decreases,  its 
resistance  Increases.) 

A  set  of  systems  of  names  or  symbols  given  to  items 
of  supply  and  equipment,  or  to  other  variously 
identifiable  thing  as  a  means  of  classification  and 
identification. 

A  duct  through  which  a  liquid  or  gas  is  directed, 
designed  to  increase  the  velocity  of  the  liquid 
or  gas. 

A  condition  existing  when  a  minimum  unbalance  signal 
is  received  from  a  bridge  circuit.    The  bridge  circuit 
is  at  balance. 

19 


ERIC 


266 


NULL  INDICATOR 


A  center  scale  ammeter  connected  across  a  bridge  circuit 
and  used  to  Indicate  whether  the  bridge  circuit  Is  at 
balance* 


-0- 


0-llING  SEAL 
OIL  COOLER 
OIL  DIPSTICK 
OIL  FILTER 
OIL  LEVEL 


OIL  PRESSURE  FAILURE 
SWITCH 


A  synthetic  rubber  seal  made  In  the  shape  of  the  letter 
0  that  Is  used  to  prevent  leaks* 

A  kind  of  a  radiator  in  the  lubrication  system  of 
an  aircraft  for  cooling  the  lubricating  oil. 

A  dipstick  for  measuring  oil  In  tanks  or  similar 
containers • 

A  device  used  to  remove  foreign  matter  from  the  oil 
before  It  reaches  the  areas  to  be  lubricated* 

The  level  In  a  unit  or  component  at  which  oil  must 
be  carried  for  proper  lubrication. 

A  device  on  the  refrigeration  system  which  acts  to 
shut  off  a  compressor  when  oil  pressure  falls  below 
a  predetermined  point. 


OPEN  WORK  ORDER 
ORIFICE 

OUTSIDE  AIR  TEMPERATURE 
OVERRUNNING  SPRAG  CLUTCH 


OXYGEN 


OXYGEN  BOTTLE 


OXYGEN  LACK 


OXYGEN  MASK 


OXYGEN  STATION 


A  work  order  or  job  that  has  not  been  completed. 

An  opening;  mouth  or  outlet  of  a  tube,  cavity  vent. 
A  calibrated  circular  hole  used  to  regulate  flow. 

The  temperature  directly  outside  the  aircraft  (ambient). 

Part  of  an  aircraft  starter  that  transmits  the  torque 
of  the  turbine  only  In  one  direction,  thereby  preventing 
the  aircraft  engine  from  driving  the  starter  after 
the  engine  starts. 

A  chemical  element,  occurring  free  in  the  atmosphere 
as  an  odorless,  colorless,  tasteless  gas  and  also  in 
combination  in  other  stibstances.    It  can  be  compressed 
to  a  liquid  state. 

A  metal  bottle  designed  to  hold  oxygen  for  breathing 
at  high  altitudes. 

A  condition  of  scarcity  or  absence  of  oxygen  in  the 
atmosphere,  as  at  high  altitudes,  or  in  a  confined 
space  unsupplied  by  oxygen. 

A  mask  that  covers  the  mouth,  nose,  and  lower  face, 
used  in  inhaling  oxygen  from  a  tank  or  bottle. 

A  place  or  point  in  an  aircraft  where  an  oxygen 
mask  can  be  attached  co  the  oxygen  supply  system. 
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OXYGEN  TENSION 

PACK  PRESSURE  LIMITER 

PERIODIC  DOCK 
PERIODIC  INSPECTION 

PHILLIPS  SCREW 

PHILLIPS  SCREWDRIVER 
PISTON  ENGINE 
PLENUM  CHAMBER 

PNEUDRAULIC 
PNEUMATIC 

POSITIVE  G 
PRE  COOLER 

PREFLIGHT  INSPECTION 

PREHEATER 
PRESSURE 

PRESSURE,  ABSOLUTE 


The  faculty  of  oxygen  at  a  given  pressure  and  a  given 
amount  to  extend  itself  into  the  cells  of  lungs  or 
into  the  blood  or  tissues  of  the  body. 

-P- 

A  pneumatically  actuated  type  unit  designed  to 
regulate  the  airflow  going  to  the  air  conditioning 
system* 

A  dock  for  the  periodic  inspection  or  overhaul  of 
an  aircraft  or  engine* 

An  inspection  repeated  either  at  regular  intervals  of 
calendar  time  or  in  reference  to  certain  equipment 
after  it  has  been  used  for  a  given  number  of  times. 

A  holding  screw  having  a  special  head  v/ith  two  slots 
which  cross  one  another  and  are  deeper  at  the  center 
than  at  the  ends. 

A  cross  tipped  screwdriver;  to  be  used  with  a 
Phillips  head  screw. 

A  reciprocating  engine,  especially  an  internal- 
'^mbustion  reciprocating  engine. 

An  air  chamber  opening  into  the  compressor  chamber  on 
certain  turbojet  or  turboprop  engines  where  air  is 
collected  for  the  compressor. 

Of  or  pertaining  to  mechanisms  or  devices  that  work 
by  both  pneumatic  and  hydraulic  action. 

1-Mechanisms ,  devices,  or  tools  worked  by  compressed 
air  or  other  gases.    2-Also  used  to  designate 
associated  devices  as  in  pneumatic  compressor. 

A  G-force  exerted  upon  the  human  body  acting  from 
the  head  to  the  feet. 

A  device  used  to  initially  cool  the  engine  bleed  air. 

1-A  regular  procedure  followed  by  a  ground  crew 
each  time  or  each  day  before  a  particular  aircraft  is 
flown.    2-A  regular  part  of  the  periodic  inspection 
made  before  the  /iircraft  is  given  a  flight  test. 

A  device  for  warming  up  something  before  use. 

Amount  of  force  distributed  over  each  unit  of  area. 
Expressed  in  pounds  per  square  inch  (psi) . 

Pressure  measured  in  reference  to  zero  pressure. 
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PRESSURE,  ATMOSPHERIC 

PRESSURE  ALTIMETER 
PRESSURE  ALTITUDE 

PRESSURE  BREATHING 

PRESSURE  CABIN 

PRESSURE  DEMAND  OXYGEN 
EQUIPMENT 

PRESSURE  GAUGE 

PRESSURE  DROP 
PRESSURE  RATIO 

PRESSURE  REGULATORS 

PRESSURE  T 

PRESSURE  SWITCH 

PRESSURE,  TEMPERATURE, 
VOLUME  RELATIONSHIP 

PRESSURIZATION 
PRESSURIZE 

O 

ERIC 


The  pressure  exerted  by  the  earth* s  atmosphere •  Under 
standard  conditions,  at  sea  level,  atmospheric  pressure 
is  14.7  psia  or  0  psig. 

An  altimeter  that  measures  and  indicates  altitude  by 
means  of  differences  in  atmospheric  pressure. 

1-A  simulated  pressure  altitude  in  a  low  pressure 
chamber.  2-either  indicated  pressure  altitude  or 
calibrated  pressure  altitude. 

The  breathing  of  oxygen  or  other  suitable  gases 
through  a  special  system  or  apparatus  at  a  pressure 
in  excess  of  the  ambient  pressure. 

A  pressurized  cabin. 

A  kind  of  low  pressure  oxygen  equipment  that  functions 
either  as  demand  oxygen  equipment  or  as  continuous 
pressure  breathing. 

A  gauge  or  instrument  that  measures  pressure,  or  is 
actuated  by  pressure. 

The  loss  of  pressure  due  to  friction. 


A  ratio  betweeii  two  pressures  as  the  ratio  between 

the  inlet  and  outlet  pressures  of  a  compressor.  ^ 

Devices  which  establish  the  working  pressures  in  a 
system  and  maintains  them  at  that  point. 

A  garment  designed  to  provide  pressijare  upon  the  body 
so  that  the  respiratory  and  circulatory  functions  may 
continue  normally. 

1-Composed  of  a  sealed  case  with  an  air  inlet 
connection,  diaphragm  assembly,  and  double  set  of 
electrical  contacts.    Air  pressure  against  the  diaphragm 
operates  the  electrical  contacts.    2-A  switch  activated 
by  a  given  ambient  pressure. 

&    As  pressure  increases,  temperature  increases  and 
volume  decreases. 

The  term  used  to  designate  the  pressurizing  of 
aircraft  cabins  to  a  lower  altitude. 

To  produce  and  maintain  in  a  cockpit,  cabin  or 
compartment  of  an  aircraft  an  air  pressure 
higher  than  the  ambient  atmospheric  pressure, 
in  order  to  compensate  for  the  lowered  pressures 
at  high  altitudes. 
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PUMPDOWN 
PUMP,  OIL 
PURGE 


The  reduction  of  pressure  within  a  system* 
Supplies  pressurized  oil  for  lubrication  purposes, 

1.  The  discharge  of  impurities,  noncondensibles 
or  gases.    2.      To  clean. 


PYROMETER 


Precision  measuring  instrument  for  temperature 
indications , 


QUADRICYCLE  LANDING  GEAR    A  landing  gear  consisting  of  four  separate  wheel 

units, 

QUICK  DISCONNECT  FITTING    A  pipe  or  electrical  fitting  in  an  aircraft  designed 

for  ready  disconnection  and  connection. 


RADIAL  FLOW  COMPRESSOR 


RADIATION 


RAM 


RAM  AIR  SCOOP 


RANKINE  SCALE 


A  centrifugal  compressor  in  which  air  is  drawn  into  a 
rotating  impelle.r  axially,  being  discharged  radially 
at  the  circumference  of  the  impeller  at  high  velocity 
into  a  diffuser,  where  velocity  is  reduced  resulting 
in  conversion  of  kinetic  energy  into  pressure  energy. 

1-The  act  or  process  of  radiating  or  the  state  of  being 
radiated;  also,  that  which  is  radiated.    2-The  combined 
process  of  emission,  transmission,  and  absorption  of 
radiant  energy. 

The  forward  motion  of  an  air  scoop  or  air  inlet  through 
the  air. 

A  scoop  extended  into  the  air  stream  to  provide  an 
emergency  source  of  ram  air  for  ventilation  of  the 
crew  compartment  of  the  airplane. 

A  temperature  scale  that  uses  Fahrenheit  degrees,  but 
makes  the  0  degree  signify  absolute  zero  (degrees  R) . 
The  freezing  point  of  water  on  the  Rankine  Scale  is 
491. 69^ 


RECEIVER 
REDUCTION  GEAR 


REED  AND  PRINCE 
SCREWDRIVER 

REFRIGERATION  SYSTEM 


A  device  for  storing  liquid  refrigerant. 

A  gear  assembly  between  a  powered  shaft  and  another 
shaft,  by  which  the  latter  shaft  is  driven  at  a  lower 
ipm  than  the  powered  shaft. 

A  trade  name  for  a  kind  of  screwdriver  having  a  blunt 
tip  and  a  cross  shaped  cross  section  at  the  top. 

A  system  in  which  a  refrigerant  is  circulated  for 
the  purpose  of  extracting  heat. 

23 
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REGULATION 


REGULATOR 


REGULATOR,  AIR  PRESSURE 


The  act  of  governing,  controlling,  or  directing;  or 
the  state  of  being  controlled  or  directed. 

A  device  that  regulates  the  flow  or  pressure  of  a 
liquid  gas. 

A  device  that  establishes  the  working  pressure  of  an 
air  operated  system  and  holds  it  at  that  point. 


REGULATOR,  CABIN  PRESSURE  A  device  that  controls  cabin  pressure  by  controlling 

the  amount  of  pressurized  air  leaving  the  cabin. 


REGULATOR,  CABIN 
TEMPERATURE 


REGULATOR,  CANOPY  SEAL 

RELIEF  VALVE 
RUPTURE  DISC 


SEAL 
SEALANT 
SEAT,  VALVE 

SENSIBLE  HEAT 
SIGHT  GAUGE 
SOLENOID 

SOLENOID  VALVE 
SPRING  LOADa 
SQUIB 

STATIC  AIR  PRESSURE 


A  device  operated  either  electrically,  electronically, 
or  pneumatically  provided  to  maintain  cabin  temperature 
at  a  predetermined  setting. 

A  device  that  regulates  air  pressure  for  pressurizing 
the  canopy  seal. 

A  safety  valve  used  to  relieve  excessive  pressure. 

A  metal  disc  installed  in  an  air  conditioning,  fire 
extinguishing,  or  oxygen  systan  that  will  burst  when 
pressure  becomes  too  high. 

-S- 

A  device  to  prevent  leakage  of  liquid,  gas,  or  air. 
A  sealing  compound. 

That  part  of  a  component  which  forms  the  seal  between 
the  housing  and  the  valve  when  the  valve  is  in  the 
closed  position. 

Heat  added  or  removed  which  can  be  measured  by  a 
change  in  temperature. 

Used  to  observe  the  condition  of  a  fluid  in  a  system 
or  component. 

A  coil  of  insulated  wire  wound  in  the  form  of  a  spring 
or  on  a  spool.    A  solenoid  uses  DC  or  AC  for  its 
operation. 

A  valve  actuated  by  a  solenoid. 

Held  or  driven  under  spring  pressure. 

1-  Any  of  various  small  size  explosive  devices. 

2-  Specif ically  an  electrically  detonated  explosive 
charge  in  a  thin  walled  metal  container. 

Static  pressure  exerted  by  air  upon  an  object 
especially  by  the  air  of  the  atmosphere  as  in  a  pitot- 
static  tube.  24 
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STATOR 


In  machinery,  a  part  that  remains  fixed  in  relation  to 
a  rotating  part. 


STATOR  BLADE 
STRUT,  ENGINE 
SUBASSEMBLY 
SUBCOOLING 

SUCTION  LINE 
REFRIGERANT 

SUMP 

SUPER  HEAT 

SWINGING  GATE  DUCT 
SUPPORT  BRACKETS 

SWITCH,  DIFFERENTIAL 
PRESSURE 

SWITCH,  PRESSURE 
SWITCH,  THERMAL 

TACHOMETER 
TECHNICAL  ORDER 

TECHNICAL  ORDER  KIT 
TEMPERATURE 


A  blade  or  vane  that  remains  fixed  with  -espect  to  a 
rotating  blade. 

Any  rigid  structure  that  protrudes  from  a  wing,  fuselage, 
or  other  surface  of  an  aircraft  to  support  an  engine. 

A  unit  or  element  of  a  major  assembly,  consisting 
of  two  or  more  separate  parts  assembled  together. 

The  cooling  of  a  liquid  below  its  condensing 
temperature. 

Tubing  or  piping  which  connects  the  evaporator 
to  the  compressor. 

A  reservoir  at  a  low  point  in  a  fuel  or  lubrication 
system  where  the  liquid  is  collected  and  stored. 

Temperature  added  to  a  substance  above  its  boiling 
point. 

Brackets  mounted  in  the  leading  edge  of  the  wings  to 
allow  a  pivot  action  to  take  place  during  expansion 
and  contraction  of  the  ducts. 

An  electrical  switch  actuated  by  differential 
pressure. 

An  electrical  switch  that  is  opened  or  closed  when  a 
specified  pressure  is  applied  to  it. 

An  electrical  switch  made  of  bimetallic  contacts 
that  will  open  or  close  in  response  to  the 
cemperature  it  senses. 


An  instrvtment  that  indicates  in  revolutions  per  minute 
the  rotational  speed  of  a  unit. 

An  AF  publication  that  gives  specific  technical 
directions  and  information  with  respect  to  inspection, 
storage,  operation,  modification,  and  maintenance 
of  given  AF  equipment. 

A  kit  consisting  of  the  tools  or  parts  necessary 

to  use  or  maintain  a  piece  of  equipment  as  prescribed 

in  an  AF  TO. 

Degree  of  hotness  or  coldness  measured  on  a  definite 


scale. 
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TEMPERATURE  >  AMBIENT 

TEMPERATURE  SELECTOR 

TEMPERATURE  SENSING 
ELEMENT 

TEST  SET 

TEST  STAND 

THERMAL  COMPENSATOR 

THERMISTOR 
THERMOCOUPLE 
THERMOSTAT,  MERCURY 

TOLERANCE  COMPENSATOR 

TON  OF  REFRIGERATION 
TORQUE 

TORQUE  WRENCH 

TRANSDUCER 

TRICYCLE  LANDING 
GEAR 

TURBINE 


The  temperature  of  the  air  surrounding  the  object  under 
consideration* 

A  device  used  by  the  crew  members  to  select  the 
temperature  to  be  maintained  in  the  cockpit  or  cabin* 

A  temperature  sensitive  resistance  that  is  part  of  the 
balance  bridge  circuit  and  senses  the  temperature 
changes  that  take  place  in  the  cabin  or  the  duct. 

A  set  of  equipment  used  to  test  system  operation  and 
locate  faults  and  troubles  in  the  systems  maintained 
by  this  career  field. 

A  strong  stationary  stand  on  which  the  component  part 
of  the  systems  found  in  this  career  field  are  tested 
for  operation. 

A  device  installed  in  ':he  ducts  of  the  bleed  air 
system  to  allow  for  linear  growth  of  the  duct  caused 
by  thermal  expansion  of  the  duct. 

A  small  resistor  in  which  the  resistance  varies  over  a 
wide  range  with  temperature. 

A  connection  or  junction  of  two  pieces  of  dissimilar 
metals  which  produces  a  current  when  heated. 

An  apparatus  consisting  of  a  glass  tube  and  metal 
contacts  in  which  mercury  rises  and  falls  as  it 
expands  or  contracts  from  changes  in  temperature.  This 
unit  is  used  to  regulate  temperature  in  an  aircraft  cabin. 

ii  device  installed  in  ducts  in  the  bleed  air  system 
to  improve  the  necessary  adjustments  in  duct  lengths 
due  to  duct  and  aircraft  tolerances. 

A  unit  of  refrigeration  capacity.    Equal  to  12,000 
BTUs  per  hour  or  288,000  BTUs  per  24  hours. 

A  movement  that  produces  or  tends  to  produce  rotation, 
twisting,  or  torsion. 

A  wrench  designed  to  disengage  when  the  torque  required 
to  turn  a  bolt  or  nut  increase  beyond  a  certain  point. 

Any  device  that  changes  one  type  of  signal  to 
another. 

A  three  wheel  landing  gear  in  which  no  tail  wheel  or 
tail  skid  is  used,  normally  consisting  of  two  main 
wheels  with  an  auxiliary  wheel  forward. 

A  mechanical  device  that  spins  in  reaction  to  an 
airflow  passing  over  or  across  the  vanes. 
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TURBINE  COMPRESSOR 


TURBINE  AND  FAN 
ASSEMBLY 


TURBINE  WHEEL 


TURBOJET  ENGINE 


TURBOPROP  ENGINE 


A  combination  of  a  turbine  wheel  and  a  compressor 
wheel  mounted  on  the  same  shaft*    The  compressor  is 
used  to  raise  the  temperatiare  and  pressure  of  the 
air  passing  through  it  and  put  a  load  on  the  turbine 
to  keep  it  from  overspeeding.    The  turbine  cools  the 
air  applied  to  it  by  rapid  expansion  and  by  converting 
heat  energy  to  mechanical  energy*    This  unit  is  the 
cooling  unit  found  in  some  aircraft  air  conditioning 
systems* 

An  expansion  type  cooling  unit  used  in  «ome  aircraft 
air  conditioning  systems*    The  fan  is  used  to  'ut  a 
load  on  the  turbine  and  draw  ram  air  across  a  heat 
exchanger.    The  turbine  cools  the  air  applied  to  it  by 
ra;id  expansion  and  by  converting  heat  energy  to  mechanical 
energy. 

A  wheel  or  disc  equipped  with  blades  or  vanes  designed 
to  spin  in  reaction  to  an  air  flow  passing  over  or 
across  the  vanes. 

A  type  of  jet  engine  that  uses  a  gas  turbine 

to  drive  an  air  ^ .  essor  and  engine  accessories. 

A  turbojet  engine  designed  to  drive  a  propeller  by 
transmitting  power  through  a  shaft. 


-U- 


UNPRESSURIZED  RANGE 


USEFUL  OIL  PRESSURE 


VACUUM 


VACUUM  PUMP 


VALVE 


VALVE,  AIR  CONDITION 
SYSTEM  SHUT  OFF 

VALVE,  ANTI-G  SUIT 


Applicable  to  aircraft  pressurization,  the  range 
of  altitudes  where  both  the  aircraft  altitude  and 
cabin  altitude  are  equal. 

TTie  difference  in  pressure  between  suction  pressure 
and  compressor  oil  pressure.  P^^essure 

-V- 

A  reduction  Oi:  pressure  below  atmospheric  pressure- 
usually  stated  in  inches  of  mercury.  * 

A  pump  for  exhausting  a  system.    A  pump  designed  to 
produce  a  vacuum  in  a  closed  system  or  vessel. 

Any  device  such  as  a  swirling  plate,  hinged  lid,  plug, 
or  ball  through  which  the  flow  of  gas  or  liquid  may 
be  checked,  jtopped,  started,  or  regulated. 

A  device  used  to  stop  and  start  the  flow  of  engine 
bleed  air  to  the  air  conditioning  system. 

A  device  that  regulates  the  pressure  going  to  the 
anti-G  suit  and  stops  and  starts  the  air  flow  eoine 
to  the  suit. 
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VALVE,  BLEED  AIR  PRESS. 
REGULATOR  &  SHUT  OFF 


VALVE,  BUTTERFLY 


A  device  that  starts  and  stops  the  flow  of  engine 
bleed  air  going  to  the  air  conditioning  system  and 
regulates  the  pressure* 

Usually  a  round  type  valve  with  an  upper  and  3ower 
bearing* 


VALVE,  BYPASS 


VALVE,  CO2  DIRECTIONAL 


VALVE,  CO2  TRIGGER 
RELEASE 

VALVE,  CO2  QUICK 
RELEASE  DISCHARGE 


A  passage  for  air  to  go  around  a  unit. 

Used  on  aircraft  fire  extinguisher  installations  to 
direct  the  CO2  to  the  desired  engine* 

Used  on  portable  CO2  fire  extinguishers  to  start  and 
stop  flow  of  CO2  at  will. 

Used  on  CO2  fire  extinguishers  to  release  th«  CC^; 
this  valve,  once  opened,  will  be  held  open  constantly 
and  cannot  be  shut  off. 


VALVE,  FLOW  CONTROL  & 
SHUTOFF 


A  device  used  on  some  aircraft  air  conditioning  systems 
that  operates  as  both  a  shut  off  valve  and  an  air  flow 
control  valve. 


VALVE,  RAM  AIR 
VALVE,  SAFETY  RELIEF 


Allows  air  to  enter  the  cabin  directly  from  the  outside • 

A  valve  designed  to  relieve  the  pressure  from  a 
vessel  or  system  whenever  the  pressure  exceeds  the 
setting  of  the  valve. 


VALVE,  SLIDING  GATE 


Used  in  low  pressure  systems;  consists  of  a  piece  of 
metal  that  slides  to  open  or  close  the  opening  in 
the  duct  or  valve. 


VALVE,  SPOON 


VALVE,  WATER  SEPARATOR 
BYPASS 


Usually  a  round  valve  with  2  upper  bearings  and  no 
lower  bearing. 

A  pneumatically  operated  valve  that  opens  when  the 
water  separator  becomes  plugged  or  frozen  to  allow 
conditioned  air  to  bypass  the  separator  and  enter  the 
cockpit  area. 


VALVE,  VACUUM  RELIEF 


VAPOR 
VAPORIZE 


Applicable  to  aircraft  pressurization;  a  valve  that 
prevents  outside  atmospheric  pressure  from  exceeding 
inside  the  cabin  pressure.    Valve  will  open  to  allow 
high  outside  pressure  to  equalize  the  pressure  inside. 

Any  substance  in  its  gaseous  state. 

1-To  convert  something  into  a  gaseous  state,  as  through 
spraying  or  heating  a  liquid.  2-Of  a  liquid  to  go  into 
a  gaseous  state. 


VARIABLE  AREA  NOZZLE 


A  nozzle  the  opening  of  which  is  a  variable  size. 
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VELOCITY 

VENTILATION 
VENTURI 

VENTURI  TUBE 


VOLATILE 

VOLATILITY 

VOLUME 


1-Speed.  2-Speed  or  rate  of  motion  in  a  given  direction 
and  in  a  given  frame  of  reference. 

The  process  of  moving  air  through  the  cabin  area. 

1-A  venturi  tube.    2-A  device  used  to  control  the  flow 
of  air  in  an  air  conditioning  system. 

A  short  tube  with  a  constricted  throat  which,  when  placed 
in  a  fluid  flow  parallel  to  the  flow,  brings  about  an 
increase  in  flow  velocity  at  the  throat  with  a  consequent 
reduced  pressure  within  the  fluid  at  the  throat. 

Easily  passing  away  by  evaporation. 

The  quality  or  property  of  a  liquid  for  evaporating. 

Amount  of  space  included  by  the  bounding  surface  of  an 
object. 


WALK  AROUND  OXYGEN 
BOTTLE 


A  carry  around  oxygen  b  ttle. 


WARNING  LIGHTS 


A  system  of  lights  that  ili';minate  to  give  the  pilot 
warning  of  a  malfunctioning  system. 


WATER  BOILER 


WATER  SEPARATOR 


WICK 


WING  ROOT 


A  type  of  heat  exchanger  that  uses  water  as  the  cooling 
agent;  heat  energy  is  transferred  from  the  engine  bleed 
air  to  the  water  causing  the  water  to  boil  and  evaporate. 

A  device  in  an  aircraft  air  conditioning  system  designed 
to  remove  the  water  condensed  in  the  air  as  a  result  of 
refrigeration. 

Pertaining  to  a  turbine  used  for  cooling;  allows  oil  to 
flow  to  the  blanket  by  absorption. 

The  very  base  of  an  airplanes  wing,  where  it  joins  and 
is  faired  into  the  fuselage. 
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SECTION  IV.    ELECTRICAL  TERMS  DEFINITIONS 


A-C  Generator 

Adjustable  Resistor 
Air  Gap 

Alnico 

Alternating  Current  (AC) 
Alternation 

Alternator 

Alternator,  Three-Phase 
Ammeter 

Ampere  (Amp) 

Ampere -Hour  (AH) 
Ampere-Hour  Capacity 

Ampere-Turn 
Amplification 


-A- 

Rotating  electrical  machine,  generally  known  as  an 
alternator  that  converts  mechanical  power  into 
alternating  current. 

Resistor  whose  resistance  can  be  changed  nechanically . 

The  space  between  any  two  iron  or  steel  elements  in  a 
magnetic  circuit. 

An  alloy  of  iron  with  aluminum,  nickel  and  cobalt 
having  magnetic  properties  such  that  it  can  be  used 
to  produce  an  extremely  strong  magnet  with  relatively 
small  mass . 

Current  periodically  changing  direction  and  constantly 
changing  amplitude. 

A  term  used  to  signify  that  part  of  the  change  in  an 
alternating  current  during  which  it  rises  from  zero 
to  maximum  and  back  to  zero  again.    Half  of  one 
complete  cycle. 

An  alternating  current  generator. 

Produces  3  voltages  120**  apart. 

An  instrument  for  measuring  current,  with  a  scale 
graduated  to  read  directly  in  amperes. 

A  practical  unit  of  current.    The  amount  of  current 
flowing  through  one  ohm  resistance  at  the  pressure 
of  one  volt. 

A  current  of  one  ampere  flowing  for  one  hour.  Term 
used  in  rating  storage  batteries. 

The  amount  of  current  a  battery  can  provide  for  one 
hour.    Theoretically,  a  battery  rated  at  100  ampere- 
hours  will  furnish  100  amperes  for  1  hour,  or  50 
amperes  for  2  hours,  or  5  ain>eres  for  20  hours. 

ITie  magnetizing  force  produced  by  one  ampere  of 
current  flowing  through  one  turn  of  a  coil  in  an 
electromagnet. 

A  process  whereby  a  small  fluctuating  signal  voltage 
or  crrrent  is  stepped  up  to  a  value  m^-^.ny  times  greater 
than  its  original  strength. 
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Amplifier 


A  device  used  to  inctc^se  the  signal  voltage,  current 
or  power.    It  may  contain  several  stages  in  order 
to  obtain  a  desired  gain. 


Amplitude 


Anode 


The  maximum  value  of  the  displacement  from  the 
zero  position. 

A  positive  electrode,  such  as  the  plate  of  the 
vacuum  tube  or  capacitor. 


Armature 


Arc 

Armature  Core 
Armature  Reaction 
Atom 

Attraction 


Automatic  Circuit 
Breaker 


Auto  t  rans  former 


As  applied  to: 

Motors  or  DC  Generators  -  It  refers  to  the  movable 
or  rotating  part,  consisting  essentially  of  coils  of 
wire  around  an  iron  core. 

Alternators  -  The  circuit  which  contains  the 
conductors  that  have  the  EMF  induced  in  them  and 
that  are  in  series  with  the  load* 

Relays  -  The  moving  portion  of  a  relay  device. 

A  discharge  of  electricity  through  a  gas. 

Assembly  of  laminations  forming  the  magnetic  circuit 
of  the  armature. 

Reaction  between  the  magnetic  flux  of  the  armature 
and  that  of  the  main  magnetic  field. 

One  of  the  minute  particles  or  which  the  universe  is 
composed;  a  natural  group  of  electrons,  protons  and 
neutrons . 

The  force  that  tends  to  make  two  objects  ar^proach  each 
other.    Attraction  exists  between  two  unlike  magnetic 
poles  and  between  two  unlike  static  charges. 

Device  that  automatically  opens  a  circuit,  usually 
th     "gh  thermal  means,  when  the  current  exceeds 
a  safe  value. 

A  transformer  having  one  continuous  winding.    A  part 
of  this  winding  is  used  for  both  the  primary  and 
secondary  coil. 


Back  Electromotive  Force    The  counter  EMF  of  any  system  is  the  effective  EMF 

within  the  system  which  opposes  the  passage  of  current 
in  a  specified  direction. 


Ballast  Resistance 


A  steadying  resistance  used  to  limit  variations  of 
current  in  a  circuit. 
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Barrier  Layer 

Battery 

Bias 

Bimetallic 
Bleeder 


B~power  Supply 
Bonding 

Breakdown  Voltage 


Surface  of  contact  between  a  metal  and  semiconductor. 
It  acts  as  a  rectifier  of  alternating  currents* 

A  device  for  converting  chemical  energy  into 
alectrlcal  energy. 

A  fixed  voltage,  usually  negative,  applied  to  the  grid 
of  a  vacuum  tube  so  that  it  operates  along  a  certain 
portion  of  its  characteristic  curve. 

Always  made  up  of  two  unlike  metals. 

A  resistance  connected  in  parallel  with  a  power-suppl> 
output  to  protect  equipment  from  excessive  voltages 
if  the  load  is  removed  or  reduced;  to  improve  the 
voltage  regulation  and  to  drain  the  charge  remaining 
in  the  filter  capacitors  when  the  unit  is  turned  off. 

Power  source  which  supplies  positive  voltage  for  other 
electrical  devices. 

Connecting  the  metal  parts  of  the  aircraft  with  flexible 
conductors,  so  that  all  parts  will  have  the  same 
voltage  or  potential. 

1.  Voltage  at  which  an  insulator  or  dielectric 
ruptures. 

2.  Of  a  semiconductor  diode,  the  voltage  measured 
at  a  specified  current  in  the  breakdown  region. 


Bridge  Circuit 


Bridge  Rectifier 


Brush 


Bus  Bar 


A  network  in  which  the  output  indicating  device  or  the 
load  is  bridged  across  intermediate  points  of  the  two 
parallel  elements  across  which  the  input  voltage  is 
applied. 

Full-wave  rectifier  with  four  elements  connected  in  a 
bridge  so  that  direct  voltage  is  obtained  from  one 
pair  of  opposite  junctions  when  altemat/ng  voltage 
is  applied  to  the  other  pair. 

A  metal  or  carbon  block  used  to  make  contact  with  a 
rotating  or  other  moving  part  in  an  electrical  circuit. 

Heavy  metal  bars  utTtw  to  carry  current.    The  wires  of 
several  circuits  may  be  connected  to  one  or  more 
terminals  which  appear  on  the  bar. 

•C- 


Calibration 


Process  of  comparing  an  instrument  or  device  with  a 
standard  to  determine  its  accuracy  or  to  devise  a 
corrected  scale. 
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Capacitance  (C)  That  property  of  a  system  of  conductors  and 

dielectrics  which  permit  the  storage  of  electrical 
energy  in  an  electrostatic  field  between  the  con- 
ductors; unit  of  measurement  is  the  Farad. 

Capacitive  Reactance  (X  )  The  opposition  which  a  condenser  offers  to  AC  or 

pulsating  DC.    It  is  expressed  in  ohms. 


Capacitor 


Capacity 
Cathode  (K) 


A  system  consisting  of  two  conductors  of  considerable 
surface  separated  by  a  comparatively  thin  dielectric, 
thus  possessing  an  appreciable  capacitance.  An 
electrical  device  or  unit  designed  especially  to 
have  the  quality  of  capacitance  (condenser). 

See  capacitance. 

Negative,  or  the  electron  emitting  electrode  of  a 
vacuum  tube. 


Cell  A  single  unit  capabl^s  of  serving  as  a  DC  voltage  source 

equal  to  1.5  volts ^  also  a  single  lectifier  u-^it. 

Dry  Cell  •  Composed  of  an  outer  shell  of  zinc,  an 
electrolyte  of  paste  and  a  carbon  rod  in  the  center. 

Primary  Cell  -  Commonly  called  "dry  cell,"  a  battery 
that  cannot  be  recharged  due  to  a  nonreversible 
chemical  reaction  that  takes  place  between  the  plates 
and  the  electrolyte  when  the  cell  is  in  use. 


Characteristic 
Charge 


Charged  Bodies 
Choke  Coil 

Circuit 

Circuit  Breaker 


Secondary  Cell  -  A  battery  cell  thpt  can  be  recharged 
by  reversing  the  current  flow  through  the  battery. 

Wet  Cell  -  A  case  containing  lead  c-^rated  plates  and  a 
liquid  electrolyte. 

A  distinguishing  trait,  quality  or  property. 

The  act  of  supplying  electrical  energy  to  a  metal 
object,  a  condenser  or  a  storage  battery.    When  an 
object  has  more  electrons  than  normal,  it  has  a 
negative  charge.    When  it  has  less  electrons  than 
normal  the  object  has  a  positive  charge. 

Bodies  with  an  excess  or  deficiency  of  electrons. 

A  coil  used  to  in5)ede  the  flow  of  pulsating  current 
or  alternating  current  by  means  of  its  self- 
inductance. 

A  closed  path  usually  including  a  source  of  voltage. 

An  automatic  switch  which  opens  a  circuit  under 
abnormal  conditions  such  as  an  overload.    It  also 
may  be  "tripped"  or  opened  by  hand. 
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Circuit  Diagram 


Schematic  drawing  of  the  electrical  connections  of 
a  device. 


Coil 

Coil,  Toroidal 
Cold  Cathode 

Collector 

Collector  Junction 


Collector  Rings 


Commutation 


A  nuaier  of  turns  of  wire  wound  on  an  iron  core  or  a 
number  of  turns  of  wire  wound  on  a  form  of  insulating 
material. 

A  coil  wound  in  the  shape  of  a  dougihnut. 

A  type  of  cathode  which  does  not  require  heat  to 
emit  electrons. 

In  a  transistor,  an  electrode  through  which  a  primary 
flow  of  carriers  leaves  the  interelectrode  region. 

In  a  transistor,  a  junction  normally  biased  in  the 
higji  resistance  direction,  through  which  the  current 
can  be  controlled  by  the  introduction  of  minority 
carriers . 

"Sliprings"  -  a  contact  ring  for  making  connection 
through  brushes  between  a  winding  on  a  rotating  part 
of  a  machine  or  apparatus  and  an  external  circuit. 

The  process  of  converting  alternating  current  which 
flows  in  the  armature  of  a  DC  generator  to  DC. 


Conmiutator 
Component 

Condenser 
Conductance  (G) 

C(?nductor 

Contact 

Contactor 
Continuity 


A  drum  built  up  of  insulated  segments  connected  to  the 
armature  winding  of  a  generator  or  motor  to  or  from 
which  current  is  taken  by  the  brushes. 

A  functional  part  of  a  subsystem  or  electrical 
circuit  which  is  essential  to  the  operational 
completeness  of  the  subsystem  of  circuit. 


See  capacitor. 

The  ease  with  which  a  condxtctor  passes  current, 
reciprocal  of  resistance.    Expressed  in  ohms. 


The 


Any  material  which  possesses  an  appreciable 
proportion  of  fret  electrons  and  therefore  permits 
a  current  to  pass. 

Part  of  an  equipment  designed  to  touch  a  similar 
part  to  permit  current  to  flow,  or  designed  to  break 
this  union  to  cause  current  to  cease. 

A  device  fcr  repeatedly  establishing  and  inter- 
rupting an  electric  circuit. 

The  property  of  having  a  complete  or  continuous 
electrical  path. 
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Control  Grid  (G) 


The  electrode  of  a  vacuum  tube,  other  than  a  diode, 
upon  which  the  signal  voltage  is  impressed  in  order 
to  control  the  plate  current. 


Control  Panel 


Copper-oxide  Rectifier 


Core 


Coulomb  (Q) 


Counter  Electromotive 
Force 


Current  (I) 
Current  Limiter 


Cycle  ( 


or  c) 


A  panel,  open  or  closed,  where  switches,  rheostats, 
meters,  etc.,  are  installed  for  controlling  and 
protecting  electrical  machinery. 

A  metallic  rectifier  made  of  alternate  layers  of 
one  or  more  discs  of  copper  on  copper-oxide. 

Magnetic  mate-ial  placed  within  a  coil  to  increase 
the  magnetic  intensity  of  the  magnetic  field. 
Magnetic  material  inside  a  relay  or  inductor  coil 
winding. 

A  quantity  of  electricity;  the  number  of  electrons 
passing  a  point,  in  a  given  conductor  when  one 
ampere  flows  for  me  second. 

A  voltage  (CEMF)  induced  in  a  coil  or  conductor  of 
opposite  direction  to  the  applied  voltage. 

Movement  of  electrons  as  measured  in  amperes. 

An  electrical  device  used  to  limit  the  current  flow 
in  a  circuit. 

One  coii5)lete  set  of  recurring  events  which  takes 
place  periodically. 

-D- 


D-C  Generator 
I>-C  Resistance 

De energize 

Delta 

Density 

Depletion  Layer 


(See  Direct  Current  Generator). 

Opposition  to  the  flow  of  direct  current  offered  by 
a  circuit  or  body. 

To  stop  the  flow  of  current  in  a  circuit,  or  remove 
the  voltage  in  a  circuit,  as  by  opening  a  switch. 

Metliod  of  connecting  the  stator  windings  in  a  3  0 
motor  or  generator. 

Concentration  of  anything;  quantity  per  unit  volume. 

In  a  semiconductor,  a  region  in  which  the  mobile 
carrier  charge  density  is  insufficient  to  neutralize 
the  net  fixed  charge  density  of  donors  and  acceptors, 


Dielectric 


A  nonconducting  material, 
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Dielectric  Constant 


Diode  Tube 


Direct  Current  (DC) 


A  numeral  which  describes  the  effectiveness  of  a 
dielectric.    It  compares  the  capacity  of  a  condenser 
using  dielectric  with  that  of  an  otherwise  identical 
condenser  using  air  as  a  dielectric.    Air  has  a 
dielectric  constant  of  one. 

A  two-element  tube  having  cathode  and  plate.  Used 
mostly  as  a  rectifier.    A  diode  allows  electrons  to 
pass  in  only  one  direction,  from  cathode  to  plate. 

Current  which  is  constant  in  direction. 


Pulsating  DC  -  Current  which  varies  or  fluctuates  in 
value,  but  flows  in  only  one  direction. 

Direct  Current  Generator    Rotating  electrical  machine  which  converts  mechanical 

power  into  D-C  power. 


Discharge 


1.    Release  of  stored  up  energy.    2.    In  a  storage 
battery,  the  conversion  of  the  chemical  energy  of  the 
battery  into  electrical  energy. 


Dropping  Resistor 


Resistor  used  to  decrease  a  given  voltage  to  a 
lower  value. 


Effective  Current 


Effective  Value  (RMS) 


That  value  of  alter.^ating  current  which  will  cause 
the  same  effect  as  a  given  value  of  direct  current. 
It  is  equal  to  .707  times  maximum  or  peak  value. 

The  value  of  AC  which  has  the  same  effect  as  the 
corresponding  value  of  DC.  For  a  sine  curve  the 
effective  value  is  .707  times  the  maximum  value. 


Effective  Voltage 


Electrical  Charge 


Electrical  Degrees 


Electricity 


Thiat  value  of  alternating  voltage  which  will  cause 
the  same  effect  as  a  givp.n  value  of  DC  voltage. 
It  is  equal  to  .707  times  maximum  or  peak  value. 

The  quantity  of  electricity  on  (or  in)  a  body  is  the 
excess  of  one  kind  of  electricity  over  the  other  kind. 
A  plus  sign  (+)  indicates  that  the  positive  is  in 
excess,  a  negative  sign  (-)  indicates  that  the 
negative  is  in  excess. 

A  measurement  of  time  ir  an  electrical  cycle.  One 
degree  =  1/360  of  a  cycle.    At  60-cycle  frequency, 
1  degree  =  ll'lx,^  600th  of  a  second.    The  actual 
length  of  time  represented  by  the  amount  of  electricity 
produced  and  shown  in  electrical  degrees  with  respect 
to  mechanical  degrees  and  time. 

A  form  of  energy  due  to  the  separation  and  independent 
movement  of  certain  parts  of  atoms  called  electrors. 
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Electrode 


A  solid  conductor  by  which  a  current  passes  to  or  from 
a  liquid  or  gas  to  another  solid  conductor  of  different 
material. 


Electrolyte 


Electrolytic  Capacitor 


Electromagnet 


Electromagnetic  Field 


The  liquid  or  chemical  paste  which  is  used  between  the 
plates  in  a  battery  or  dry  cell. 

Capacitor  which  is  compr?sed  of  two  plates  separated 
by  an  electrolyte.    Under  the  action  of  the  applied 
DC  voltage,  a  film  of  hydrOi>en  gas  is  formed  on  one 
plate,  and  it  is  this  film  which  is  the  electrolyte. 
This  type  of  construction  makes  it  possible  to 
concentrate  large  values  of  capacitance  in  relatively 
small  space. 

A  magnet  produced  by  the  flow  of  an  electric  current 
through  an  associated  coil. 

Field  of  influence  which  an  electric  current  produces 
around  the  conductor  through  which  it  flows.  Magnetic 
field  resulting  from  the  flow  of  electricity. 


Electromagnetic  Induction  Production  of  a  voltage  in  a  coil  due  ti  a  change  in 

the  number  of  magnetic  lines  of  force  passing  through 
the  coil. 


Electromotive  Force 
(emf) 


Electron 
Electron  Drift 


Electron  Emission 


That  force  which  tends  to  cause  an  electric  currenu 
or  electron  flow  by  producing  a  difference  of 
potential. 

The  elementary  charge  of  negative  electricity. 

Actual  movemeuu  of  electrons  in  a  definite  direction 
through  a  conductor  during  current  flow,  as  contrasted 
from  transfer  of  energy  from  one  electron  to  another 
by  collision. 

The  liberation  of  electrons.    As  from  the  cathode 
of  a  vacuum  tube. 


Electron  Theory 


Electrostatic 


Electrostatic  Charge 


Electrostatic  Field 


The  theory  which  explains  all  electrical  phenomena 
by  the  independent  movement  of  electrons. 

Pertaining  to  electricity  at  rest,  such  as  charges 
on  an  object. 

Electric  charge  stored  on  a  capacitor  or  on  an 
insulated  body. 

Field  of  force  between  two  electrically  charged 
bodies . 
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Element 


Emitter 


1.    Substance,  in  chemistry,  that  cannot  be  divided 
into  simpler  stibstances  by  any  means  ordinarily 
available.    2.    Of  a  semiconductor  device,  any 
integral  part  of  the  semiconductor  device  that 
contributes  to  its  operation. 

In  a  transistor,  a  region  from  which  charge  carriers 
that  are  minority  carriers  in  the  base  are  injected 
into  the  base* 


Emitter  Junction 


Energy 


Energize 


EKcess  Electron 


Exciter 


External  Resistance 


In  a  transistor,  a  Ju«^*-ion  normally  biased  in  the 
low-resistance  direction  to  inject  minority  carriers 
into  the  base. 

The  capacity  for  performing  work.    Energy  of  motion 
is  kinetic  energy.    Energy  of  a  s*:ationery  or  static 
form  is  called  potential  energy.    Energy  cannot  be 
created  or  destroyed  but  may  change  its  form. 

Supply  power  necessary  to  provide  normal  and 
effective  operation. 

An  electron  introduced  into  a  semiconductor  by  a  donor 
impurity  and  available  to  promote  conduction.  An 
excess  electron  is  not  required  to  complete  the  bond 
structure  of  the  semiconductor. 

A  direct  current  generator  supplying  current  for 
excitation  of  one  or  more  other  machines. 

Resistance  that  is  connected  externally  between  the 
terminals  of  a  battery  or  other  power  source. 


Farad  (f) 


Field  (Electric  or 
Magnetic) 

Field  Coil 


Field,  Differential 


F^eld  Distortion 


Field  of  Force 


ERIC 


The  unit  of  electrostatic  capacity.    A  condenser 
possessing  the  capacity  of  one  farad  will  allow  one 
coulomb  of  electrons  to  flow  upon  its  plates  when 
the  potential  of  one  volt  is  applied  for  one  second. 

A  term  »!sed  to  indicate  a  region  where  magnetic  or 
electrostatic  forces  are  exerted. 

A  suitable  insulated  winding  to  be  mounted  on  a  field 
pole  to  magnetize  it. 

Field  which  has  the  series  and  shunt  coils  connected 
to  oppose  each  other. 

Undesired  shift  in  the  fields  between  the  N  and  S 
pole  due  to  CfiMF  in  the  armature  windings. 

Term  used  to  describe  to  total  force  exerted  by  an 
action-at-a-distance  phenomenon  such  as  gravity  upon 
matter,  electric  charges  acting  upon  electric  charges, 
magnetic  forces  acting  upon  other  magnetics  or 
magnetic  materials. 
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Field  Pole 
Field  Windings 

Filament 
Filter 

Fixed  Bias  or  Grid  Bias 
Fixed  Capacitor 
Fixed  Resistor 
Flow 

Fluorescence 
Flux  (    4>  ) 

Flux  Density 
Force  (F) 

Forward  Current 

Forward  Direction 

Free  Electrons 

Frequency  (f) 

Frequency  Meter 
Full-Wave  Rectifier 


Magnetic  material  on  which  field  coils  may  be  mounted. 

The  coil  of  an  electromagnet  xised  to  supply  the 
magnetic  field  in  nsotors  and  generators . 

The  wire  throu^  which  current  is  sent  in  a  vacuum 
tube  or  a  light  bulb  to  utilize  the  heat  given  off 
due  to  the  current  flow. 

Any  system  of  inductance,  capacitance  and  resistance 
which  is  used  to  smooth  the  pulsations  of  DC  from  a 
rectifier  or  commutator. 

A  bias  voltage  of  constant  value,  such  as  one 
obtained  from  a  battery,  or  other  DC  power  supply. 

Capacitor  having  definite  capacitance  value  that 
cannot  be  adjusted. 

Resistor  having  a  definite  resistance  that  cannot 
be  adjusted* 

Passage  of  electrons  (a  current)  through  a  conductor 
or  through  space  between  electrodes. 

Light  given  off  as  a  result  of  electron  bonbardment. 

A  general  term  used  to  designate  collectively  all 
the  electric  or  magnetic  lines  of  force  in  a  region. 

The  number  of  lines  of  force  per  unit  area. 

That  which  tends  to  change  the  state  of  rest  or 
motion  of  matter. 

Current  which  flows  upon  application  of  a  forward 
voltage. 

In  a  semiconductor  diode,  the  direction  of  lower 
resistance  to  the  flow  of  steady  direct  current. 

Electrons  which  are  not  bound  to  a  particular  atom, 
and  are  free  to  move  under  the  influence  of  an 
electric  field. 

The  number  of  complete  cycles  which  an  alternating 
EMF  or  current  executes  in  one  second.  Generally, 
the  nunber  of  recurring  events  in  a  given  period 
of  time. 

A  meter  used  to  indicate  the  number  of  cycles  per 
second  of  an  alternating  current. 

Rectifier  arranged  so  that  current  is  allowed  to 
pass  in  the  same  direction  to  the  load  circuit  during 
each  half  cycle  of  the  alternating  current  supply. 
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Fuse 


A  wire  strip  or  bar  of  metal  designed  to  melt  or  to 
interrupt  the  circuit  when  a  predetermined  current 
is  exceeded. 


Gain 


Galvanometer 


Ratio  of  output  to  input  voltage,  current,  or  power, 
usually  e3q>ressed  in  decibels. 

A  D'Arsonval-type  meter  used  for  measuring  or 
indicating  extremely  small  electric  currents.  Its 
scale  usually  indicates  relative  deflection,  and 
the  actual  current,  voltage  or  charge  value  must  be 
calculated. 


Generator 


Graph 


A  machine  for  the  conversion  of  mechanical  energy 
into  electrical  energy. 

Pictorial  presentation  of  the  relation  between  two 
or  more  variable  quantities,  such  as  between  an 
applied  voltage  and  the  current  it  produces  in  a 
circuit. 


Grid 


Ground 


Ground  Potential 
Grounded 


A  tube  element  in  the  form  of  a  metallic  mesh  or 
screen  through  which  electrons  pass  under  control 
of  a  potential  applied  to  the  grid. 

A  connection,  intentional  or  accidental,  between  an 
electrical  circuit  and  the  earth,  some  conducting 
body,  or  chassis  serving  in  place  of  the  earth. 

Zero  potential  with  respect  to  ground  or  earth. 

Connected  to  earth  or  to  some  conducting  body  which 
serves  as  earth. 


Half-Wave  Rectifier 


Heat  Sink 
Heater  (H) 
Henry  (h) 

Hertz  (Hz) 


A  nonlinear  device  used  to  rectify  alternating  current 
into  direct  current.    Only  one-half  of  the  input  cycle 
is  rectified,  the  output  being  a  pulsating  direct 
current. 

A  device  for  the  absorption  or  transfer  of  heat  away 
from  a  critical  part  or  parts. 

An  electric  heating  element  for  supplying  heat  to  an 
indirectly  heated  cathode. 

The  unit  of  inductance.    A  circuit  has  an  inductance 
of  one  henry  when  the  current,  changing  at  the  rate 
of  one  ampere  per  second,  induces  one  volt  CEMF. 

A  unit  of  frequency  equal  to  one  cycle  per  second. 
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Hole 


A  mobile  vacancy  in  the  electr.onic  valence  structure 
of  a  semiconductor  which  acts  as  a  positive  charge 
with  a  positive  mass. 


Hole  Current 


The  current  in  a  semiconductor  associated  with  apparent 
positive  charges  designated  as  holes. 


Horizontal 


Horsepower  (hp) 


Horscchoe  Magnet 


Hot 


Hydrometer 


Perpendicular  to  the  direction  of  gravity •    In  the 
direction  of,  or  parallel  to,  the  horizon.    On  a  level, 

A  unit  of  electrical  power  equivalent  to  the  amount 
of  power  in  a  mechanical  horsepower.  Electrically, 
one  horsepower  equals  746  watts. 

Permanent  magnet  or  electromagnet  bent  in  the  shape 
of  a  horseshoe  or  having  a  U  shape  so  as  to  bring 
the  pole  together. 

Connected,  alive,  energized;  pertains  to  terminal 
or  any  ungrounded  conductor.    Not  grounded. 

An  instrument  used  to  determine  the  specific  gravity 
of  the  liquid  of  a  storage  bautery;  hence,  the  state 
of  charge  of  the  batte 


-I- 


Ikopedance  (Z) 
Impurity 

Impurity,  Accept  r 
Impurity,  Donor 

Induced 

Induced  Current 

Induced  Electromotive 
Force 

Inductance  (L) 


The  total  opposition,  measured  in  ohms,  offered  to 
passage  of  alternating  current  by  the  resultant  of 
resistance  and  capacitive  and  inauctive  reactance. 

An  atom  in  a  crystal  which  is  foreign  to  the  crystal. 
An  imperfection  that  is  chemically  foreign  to  the 
perfect  crystal. 

In  semiconductors,  an  impurity  which  may  induce  holes, 

In  semiconductors,  an  impurity  which  may  induce 
electronic  conduction. 

Produced  as  a  result  of  exposure  to  the  influence  or 
variation  of  an  electric  or  magnetic  field. 

Current  due  to  an  induced  wltage. 

The  electromotive  force  induced  into  a  conductor  due 
to  the  relative  motion  between  the  conductor  and  the 
magnetic  field. 

The  physical  property  of  a  circuit  which  tends  to 
oppose  a  change  in  current  flow. 
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Induction 


Magnetic  Induction  -  When  a  material  Is  placed  In  a 
magnetic  field  It  has  magnetism  Induced  Into  It. 


Self-Induction  -  The  production  of  a  counter- 
electromotive  force  In  a  conductor  when  Its  own 
magnetic  field  collapses  or  expands  with  a  change 
In  current  In  the  conductor. 

Mutual  Induction  -  (Transformer  Action)  -  As  current 
Is  varied  In  a  conductor,  a  second  conductor  parallel 
to  the  first  will  have  an  EMF  Induced  Into  It. 

Note:    The  more  nearly  parallel,  the  greater  the 
EM?  Induced.    If  the  conductors  are  at  rl^t  angles 
no  voltage  will  be  Induced. 

Electromagnetic  Induction  -  (Generator  Action)  - 
When  a  conductor  and  a  magnetic  field  have  relative 
motion,  a  voltage  Is  Induced  into  the  conductor. 
A  voltage  Is  induced  If  either  the  conductor  or  the 
field  Is  moved.    The  conductor  must  be  moved  other 
than  parallel  to  the  lines  cf  force. 

Induction  Motor  AC  motor-rotation  achieved  by  reaction  of  main 

magnetic  field  and  the  magnetic  field  of  the  Induced 
current  in  the  rotor. 

Inductive  Circuit  Circuit  containing  a  greater  amount  of  inductive 

reactance  than  capacitive  reactance. 

Inductive  Reactance  (X^^)    The  opposition  to  the  flow  of  alternating  or 

pulsating  current  caused  by  the  inductance  of  a 
conductor.    X^^  is  measured  in  ohms. 

A  coll.    A  wire  lying  in  an  armature  slot  and  forming 
part  of  a  coll.    That  part  of  a  wire  which  moves  in 
a  magnetic  field  and  in  which  an  electric  current 
or  pressure  is  induced.    The  careless  practice  of 
using  the  word  conductor  for  inductor  should  be 
avoided. 

Describing  a  condition  in  which  two  or  more 
fluctuating  components  such  as  an  AC  voltage  and 
current  attain  maximum  values  simultaneously  in  the 
same  direction. 

1.    Current,  voltage,  power,  or  driving  force  applied 
to  a  circuit  or  device.    2.    Terminals  or  other  places 
where  current,  voltage,  or  power,  or  driving  force 
can  be  applied  to  a  circuit  or  device. 

Input  Transformer  Transformer  used  to  transfer  energy  from  a  voltage 

source  to  the  input  of  a  circuit  or  device. 


Inductor 


In  Phase 


Input 
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Instantaneous  Value  The  value  of  an  alternating  voltage  or  current  at  a 

given  instant  of  time. 


Insulated  Wire 
Insulation 

Insulator 
Intensity 
Interlock  Switch 

Internal  Resistance 

Interpole 

Inverter 


Ion 


Ionization 


Ionize 


Iron  Core  Coil 


Iron  Loss 


Conductor  covered  with  a  nonconductive  material. 

A  material  which  has  a  sufficiently  high  resistance 
to  permit  its  use  for  separating  one  electrical 
circuit  or  wire  from  others. 

A  medium  which  will  not  conduct  electricity. 

Relative  strength  of  electric  or  magnetic  energy. 

Safety  switch  which  deenergizes  voltage  when  doors, 
access  covers  or  other  openings  are  opened. 

Resistance  within  a  cell  or  battery  to  the  flow 
of  current. 

Placed  between  the  main  field  poles  of  a  DC  motor 
or  generator  to  reduce  field  distortion. 

A  device  which  changes  DC  to  AC.    It  consists  of  an 
AC  generator  driven  by  a  DC  motor. 

A  "charged"  atom  or  molecule.    One  that  has  fewer 
or  more  electrons  than  normal. 

The  process  whereby  a  substance  becomes  ionized. 
Utilized  in  a  gaseous  tube  to  take  advantage  of  the 
good  current  carrying  characteristics  of  the  ionized 
gas.    Present  when  insulators  break  down. 

To  make  an  atom  lose  an  electron.    The  atom  which 
loses  the  electron  becomes  a  positive  ion,  the 
gaining  atom  is  a  negative  ion. 

Coil  in  which  iron  forms  part  or  all  of  the  magtletic 
core,  linking  its  windings. 

Power  loss  occurring  in  iron  cores  of  electric 
machines,  coils,  transformers,  etc.,  due  to  hysteresis 
and  eddy  currents. 


Jack 


-J- 


A  connecting  device  to  which  a  wire  or  wires  of  a 
circuit  may  be  connected. 


Kilo  (K) 

Kilovo It- Amperes  (KVA) 
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One  thousand. 

Volt  amperes  divided  by  1,000.  One  KV'!^  equals 
1,000  volt  amperes. 
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Kilowatt  (KW) 
Kilowatt-Hours  (KWH) 

Lag 

Lagging  Current 

Laminated 
Laminated  Core 

Law  of  Charges 

Law  of  Electromagnetic 
Induction 


Law  of  Electrostatic 
Charges  (Coulombs  Law) 

Law  of  Magnetism 
Lead  (Material) 
Lead  (Theoretical) 

Leading  Current 
Leakage 


Watts  divided  by  1,000*    One  KW  equals  1,000  watts. 

A  measure  of  the  consumption  of  electrical  energy. 
The  unit  of  electrical  energy  equal  to  1,000  watts 
being  consumed  for  one  hour. 

-L- 

Of  two  alternating  electrical  quantities  of  the 
same  frequency  the  one  that  reaches  a  particular 
cyclic  point  later  is  said  to  lag  the  other.  This 
lag  is  expressed  in  electrical  degrees. 

Current  flowing  in  a  circuit  which  lags  voltage 
applied  to  the  circuit. 

Made  of  thin  layers . 

The  core  of  an  armature,  transformer,  etc,  built  up 
of  stamping  of  sheets  of  iron  which  are  insulated 
from  each  other  to  reduce  eddy  currents. 

Like  charges  repel;  unlike  charges  attract. 

(Faraday's  Law)  Electromotive  force  induced  in  a 
circuit  is  proportional  to  the  change  of  the  flux  of 
magnetic  induction  linked  with  the  circuit.  When 
the  change  in  flux  linkage  is  caused  by  motion, 
relative  to  a  magnetic  field,  of  a  conductor  forming 
a  part  of  an  electric  circuit,  the  electromotive 
force  induced  in  the  circuit  is  proportional  to  the 
rat.e  at  which  the  conductor  cuts  the  flux  of 
magnetic  induction. 

Force  of  attraction  or  repulsion  between  two  charged 
bodies  concentrated  at  two  points  in  an  isotropic 
medium  is  proportional  to  the  produce  of  their 
magnitudes  and  is  inversely  proportional  to  the 
square  of  the  distance  between  them. 

Like  poles  repel;  unlike  poles  attract. 

A  term  given  to  a  wire  oi  conductor. 

Of  two  alternating  electrical  quantities  of  the 
same  frequency^  the  one  that  reaches  a  particular 
cyclic  point  first  is  said  to  lead  the  other.  This 
is  expressed  in  electrical  degrees. 

Current  that  reaches  its  maximum  value  before  the 

voltage  that  produces  it. 

Term  used  to  express  current  loss  through  imperfect 
insulators . 
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Left -Hand  Rule 


Lenz^s  Law 


Linear 
Line  Drop 

Lines  of  Force 

Line  Voltage 
Load 


For  generators,  stretch  the  thumb  and  first  finger 
of  the  left  hand  at  ri^t  angles  to  each  other  in 
the  same  plane  and  the  second  finger  at  a  ninety 
degree  angle  perpendicular  to  the  plane  of  the  thumb 
and  first  finger.    For  a  conductor  in  a  generator 
armature,  when  the  thumb  indicates  the  direction  of 
magnetic  lines  of  force  the  second  finger  indicate? 
the  direction  of  electron  flow.    For  a  motor  the 
right  hand  rule  is  used.    For  a  current  carrying 
wire,  if  the  fingers  of  the  left  hand  are  closed 
around  the  wire  so  that  the  thumb  points  in  the 
direction  of  electron  flow,  the  fingers  will  be 
pointing  in  the  direction  of  the  magnetic  field. 

Wh  enever  an  induced  current  is  produced  by  any 
motion,  current  will  flow  in  a  direction  such  thai- 
mechanical  forces  will  be  produced  which  oppose 
the  motion. 

Applied  to  meter  scalco,  having  equal  graduation.-,. 

Voltage  drop  existing  between  two  points  of  a  pov^er 
line  due  to  rs-^istanca. 

Imaginary  lines  to  indicate  the  direction  anc 
intensity  of  a  magnetic  or  electrostatic  field. 

Voltage  level  of  the  main  power  supplied  to  cqu^nnien: 

1.    Power  consumed  by  a  machine  or  circuit  in 
performing  its  function.    2.    Resisccr  or  other 
impedance  which  can  replace  some  circuit  aleine»- 
tenporarily  or  permanently  removed.    3.    Power  tn^ 
machine  or  apparatus  will  deliver.    4.  Device 
used  to  absorb  power  and  convert  it  into  the  desir^^.. 
useful  form.    5.    Iin>edance  to  v;!:5,rh  energy  is  oein 
supplied.    6.    Power  consuming  device  connected  to 
circuit. 


Loss 


Amount  of  electrical  attenuation  in  a  circuit  ,  ot-  en 
power  consumed  in  a  circuit  component.    2.  Eneifn^ 
dissipated  in  accomplishing  useful  work;  usuall/^ 
expressed  in  units  of  watts. 


Magnet 

Magnetic  Amplifier 

Magnetic  Circuit 
Magnetic  Field 


A  magnetic  material  which  has  the  property  of 
attracting  or  repelling  other  magnetic  substances, 

A  device  using  one  or  more  saturable  reactors  to 
control  the  field  strength  of  a  generator. 

The  complete  path  of  magnetic  lines  of  forc^. 

Space  in  which  magnetic  lines  of  force  exist. 
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Magnetic  Flux 

Magnetic  Flux  Density 
Magnetic  Lines  o£  Force 

Magnetic  Pole 

Magnetic  Saturation 

Magnetic  Shield 

Magnetism 

Magnetomotive  Force 
Matter 

Maximum  Value 

Meg  or  Mega 
Megger 

Megohm  (MO) 

Mica 

Micro  (    y  ) 
Microfarad  (  y  f) 


The  total  flow  of  magnetic  lines  of  force  through  a 
magnetic  circuit. 

Magnetic  field  intensity  measured  in  oersted. 

Imaginary  lines  used  for  convenience  to  designate 
the  direction  in  which  magnetic  forces  are  acting 
as  a  result  of  a  magnetoiootive  force. 

The  part  of  the  magnet  where  the  lines  of  force 
enter  or  leave  the  iron  and  where  the  forces  of 
attraction  and  repulsion  are  concentrated. 

The  point  of  magnetization  in  an  electromagnet  where 
an  increase  in  current  causes  no  more  increase 
in  magnetism. 

Sheet  or  core  of  iron,  enclosing  instruments  to 
protect  them  from  stray  magnetic  fields  by  providing 
a  convenient  path  for  the  magnetic  lines  of  force. 

The  property  of  the  molecules  of  certain  substances, 
as  iron,  by  virtue  of  which  they  may  store  energy 
in  the  form  of  a  field  of  force  and  is  due  to  the 
motion  of  the  electrons  in  the  atoms  of  the  substance; 
a  manifestation  of  energy  due  to  the  motion  of  a 
dielectric  field  of  force. 

That  force  which  produces  magnetic  flux;  measured 
in  ampere-turns. 

Anything  which  has  weight  and  occupies  space.    It  is 
found  in  three  forms:    solids,  liquids,  and  gases. 

The  greatest  instantaneous  value  of  an  alternating 
current  or  voltage. 

A  prefix  meaning  one  million  times. 

High  range  ohmmeter  used  for  measuring  insulation 
resistance  values  or  other  higfi  resistances. 

A  large  unit  of  resistance;  equal  to  one  million 
ohms . 

A  mineral  used  for  insulating  purposes  because  of 
hig^  dielectric  strength  and  resistance  to  high 
temperatures. 

A  prefix  meaning  one-millionth  of;  designated  by  the 
Greek  letter  Mu. 

Practical  unit  of  capacitance;  one  millionth  of  a 
farad. 
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Micro-Micro  (  y  y  ) 
Milli 

Mill  lame  ter 
Milliampere  (ma) 

Molecule 


Molecular  Theory  of 
Magnetism 


Motor 


Motor  Starter 


Mu 


Mutual  Induction 


Negative 


Negative  Bias 


Network 


Neut  ron 


Nonlinear 


N-P-N  Transistor 


One  millionth  of  one  millionth. 

A  prefix  meaning  one  thousandth. 

A  meter  calibrated  in  milliamperes . 

A  unit  of  current  equal  to  one-^thousandth  of  an 
ampere. 

The  smallest  particle  of  a  substance  which  can  exist 
and  still  retain  all  of  the  characteristics  of  that 
substance . 

Assunqjtion  that  each  molecule  of  matter  is  a  separate 
magnet  and  that  in  ferromagnetic  materials  these 
magnets  all  line  up  with  their  magnetic  poles  pointing 
in  the  same  direction  when  the  uaterial  is  magnetized. 

A  machine  which  converts  electrical  energy  into 
mechanical  energy. 

A  device  for  protecting  electric  motors  from  excessive 
current  while  they  are  reaching  full  speed. 

Permesbility,  amplification  factor,  prefix  micro. 

See  induction  (mutual). 
-N- 

A  term  used  to  describe  a  terminal  or  point  that  has 
more  electrons  than  normal;  such  as  the  negative 
terminal  of  a  battery. 

A  bias  placing  a  negative  charge  on  some  tube 
element  in  respect  to  another  tube  element.  Usually 
making  the  control  grid  negative  in  respect  to  the 
cathode . 

Special  type  of  electric  circuit  which  cannot  be 
classified  in  terms  of  series  and  parallel  parts. 

The  s-iOall  particle  of  an  atom  having  no  electric 
potential. 

In  meters,  a  term  used  to  e3q>ress  unequal  graduations 
in  the  meter  scale. 

A  transistor  which  consists  of  a  thin  slice  of  P-type 
semiconductor  material  sandwiched  between  two  layers 
of  N-type  semiconductor. 


N-P  Semiconductor 


See  crystal  diode. 
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Nucleus  Central  part  of  the  atom  which  makes  up  most  of  the 

weight  of  the  atom.    An  atomic  nucletis  is  made  up  of 
two  kinds  of  fundamental  particles^  protons  and 
neutrons.    It  has  a  positive  charge  equal  to  the 
number  of  protons  it  contains* 

-0- 

Ohm  The  unit  of  electrical  resistance.    It  is  that  value 

of  electrical  resistance  througji  which  a  constant 
potential  difference  of  1  volt  across  the  resistance 
will  maintain  a  current  flow  of  1  ampere  through  the 
resistance. 

Ohmic  Value  Resistance  in  ohms. 

Ohmmeter  An  instrument  used  for  measuring  the  resistance  of  a 

circuit. 

Ohm's  Law  The  current  in  an  electrical  circuit  is  directly 

proportional  to  the  electromotive  force  in  the 
circuit.    It  is  the  fundamental  law  of  electrical 
circuits  and  is  true  of  all  metallic  circuits  and 
most  circuits  containing  an  electrolyte  resistance. 


The  basic  formula  appears  as: 


Ohmmeter  Zero  Adjustment 


Potentiometer  or  other  means  provided  to  compensate 
for  the  reduction  of  battery  voltage  with  age  in  an 
ohmmeter. 


Open  Circuit 


1.  Condition  of  an  electrical  circuit  caused  by  the 
breaking  of  continuity  of  one  or  more  of  the  conductors 
of  the  circuit;  usually  an  undesired  condition. 

2.  Circuit  which  does  not  provide  a  complete  path 
for  current  to  flow. 


Oscilloscope 


An  instrument  for  showing,  visually,  graphical 
representations  of  waveforms  encountered  in 
electrical  circuits. 


Out-of-Phase 


Having  waveforms  that  are  of  the  same  shape  but  do 
not  pass  through  corresponding  values  at  the  same 
instant. 


Output 


1.    Current,  voltage,  power,  or  a  driving  force 
delivered  by  a  circuit  or  device.    2.    Terminals  or 
other  places  where  current,  voltage,  power,  or  other 
driving  force  may  be  delivered  by  a  circuit  or  device < 
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Overload 


Condition  where  the  load  on  a  circuit  Is  greater 
than  the  rated  load  of  the  circuit.  This  causes 
excessive  current  flow  on  the  circuit. 


Overload  Relay 


Oxidation 


Parallel  Circuit 
Parallel-Series 


Part 


Peak 


Pentode 
Period 

Permanent  Magnet 
Permeability 

Phase 

Phase  Adapter 
Phase  Difference 

Plate  (P) 
Plate  Voltage 

P-N-P  Transistor 


A  device  which  opens  a  circuit  when  the  current 
exceeds  a  specified  level. 

The  chemical  process  of  conbining  with  oxygen,  often 
by  exposure  to  air. 


-P- 


An  electrical  circuit  which  has  two  or  more  paths 
for  current  to  return  to  its  source. 

Circuit  in  which  two  or  more  parts  are  connected 
together  in  parallel  to  form  parallel  circuits  and  in 
which  these  circuits  are  then  connected  together  in 
series  so  that  both  methods  of  connections  appear. 

A  mechanical  unit  which  cannot  readily  be  subdivided 
such  as  a  tube,  resistor. 

Maximum  instantaneous  value  of  an  alternating 
quantity. 

A  five-element  tube. 

Time  required  for  the  completion  of  one  cycle. 

A  magnet  not  dependent  on  a  current  for  magnetization. 

The  ability  of  a  material  to  conduct  magnetic  lines 
of  force,  as  compared  to  air. 

The  fraction  of  a  cycle  that  has  lapsed  since  a 
voltage  or  current  has  passed  throu^  a  given 
cyclic  point. 

A  device  containing  a  coil  and  a  capacitor  for 
changing  single-phase  current  into  three-phase 
current. 

The  relation  between  two  sine  wave  quantities  of  the 
same  frequency  as  to  time  that  they  pass  a  given 
cyclic  point  on  their  respective  sine  waves.  The 
amount  of  time  is  expressed  in  electrical  degrees. 

See  anode. 

The  DC  voltage  applied  between  the  plate  and  cathode 
of  a  vacuum  tube. 

A  junction  transistor  formed  by  a  slice  of  N-type 
semiconductor  between  two  layers  of  P-type 
semiconductors • 
49 
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Polarity 


Polyphase 
Positive 


1.  Condition  of  an  electrical  circuic  by  which  the 
direction  of  current  flow  can  be  determined.  Usually 
applied  to  batteries  or  other  direct  voltage  sources. 

2.  Two  opposite  charges,  one  positive  and  one 
negative.    3.    Quality  of  having  two  opposite 
magnetic  poles »  one  North  and  one  South. 

Having  more  than  one  phase;  as  in  three-phase. 

A  term  used  to  describe  a  terminal  having  fewer 
electrons  than  another. 


Positive  Temperature 
Coefficient 


Potential 


Potential  Barrier 


Potential  Difference 


Potentiometer 


Characteristic  of  a  device  or  substance  in  which 
its  resistance  is  directly  proportional  to  changes 
in  its  temperature.     (Temperature  increases,  its 
resistance  also  increases;  temperature  decreases, 
its  resistance  also  decreases.) 

Difference  in  voltage  between  two  points  of  a 
circuit;  frequently  one  is  assumed  to  ground  (zero 
potential).    Generally  expressed  in  volts. 

Region  in  which  the  electric  potential  is  such  that 
moving  electric  charges  atten5)ting  to  pass  through 
it  encounter  opposition  and  may  be  turned  back. 

Algebraic  difference  between  two  points  or  individual 
potentials.    Voltage  existing  between  two  points. 

A  resistor  which  has  a  movable  contact  arm  which  can 
be  set  at  any  point  of  the  resistor.    The  applied 
voltage  is  connected  to  the  fixed  end  terminals  of  the 
resistor,  and  the  output  circuit  is  connected  between 
the  movable  contact  and  one  of  the  fixed  terminals. 
Rotating  the  movable  contact  varies  the  proportion 
of  the  total  voltage  which  is  applied  to  the  output 
circuit. 


Power 

Power  Factor  (PF) 
Power  Supply 
Power  Transformer 

Primary 


ERLC 


Time  rate  of  doing  work  or  expending  energy.  In 
electrical  systems,  the  basic  unit  is  the  watt. 

The  ratio  expressed  in  percentage  of  actual  power 
consumed  in  an  AC  circuit  over  apparent  power. 

Source  of  electrical  energy  required  for  normal 
operation  of  any  electrical  device  or  system. 

Transformer  used  to  change  the  supply  voltage  to  the 
various  hi^er  and  lower  values  required  for  a 
system  operation. 

The  first,  in  electrical  order,  of  two  or  more 
coupled  circuits,  in  which  a  change  in  current 
induces  a  voltage  in  the  other  or  secondary  circuit; 
such  as  the  primary  winding  of  a  transformer.  The 
primary  is  usually  connected  to  the  source  of  power. 
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Primary  Current 
Primary  Voltage 

Proton 

Pulsating  Direct  Current 
Pulsating  Voltage 

Pulse 

Pulse-per-second  (pps) 
Rate 

Rated  Output 

Reactance  (X) 

Reactive  Load 
Reactive  Power 

Rectification 
Rectifier 

ERIC 


Current  flowing  in  the  primary  winding  of  a  transformer. 

Voltage  applied  to  the  primary  windings  of  a 
transformer* 

The  particle  in  the  nucleus  of  an  atom  having  a 
positive  charge. 

Current  which  varies  in  magnitude,  but  not  in 
direction. 

Varying  voltage,  the  variations  of  which  take  place 
during  regular  intervals  of  time  and  may  or  may  not 
include  changes  in  polarity. 

A  brief  excursion  of  a  quantity  from  normal;  such  as 
a  pulsating  voltage. 

The  number  of  pulses  of  a  pulsating  voltage  in  a 
given  length  of  time.    Usually  expressed  as  a 
frequency  of  a  pulsating  voltage. 

-R- 

Measurement  of  movement  per  unit  of  time;  e.g., 
rate  of  flow,  climbs  etc. 

Output  power,  voltage,  or  current,  etc.,  at  which  a 
machine,  apparatus,  or  device  is  designed  to  operate 
under  specified  normal  conditions. 

The  opposition  offered  to  the  flow  of  an  alternating 
current  by  the  inductance,  capacitance,  or  both  in  any 
circuit.    Measured  in  ohms  • 

Load  having  reactance,  such  as  capacitive  load  or  an 
inductive  load,  rather  than  a  resistive  load. 

Power  given  back  in  any  circuit,  by  the  collapsing 
magnetic  field  of  an  inductive  reactor;  or  by  the 
collapse  of  an  electrostatic  field  of  a  capacitor  or 
capacitive  effect,  or  the  conbination  thereof. 
Reactive  power  is  generally  expressed  as  volt- 
amperes-reactive  (VAR)  because  the  term  "power" 
iiiq)lies  the  expenditure  of  unrecoverable  energy. 

The  process  of  changing  alternating  current  to  direct 
current. 

A  device  for  converting  alternating  current  to 
pulsating  or  full-wave  direct  current. 

Full -Wave  Rectifier  -  A  device  which  uses  both 
positive  and  negative  alternations  of  AC  to  produce 
a  direct  current. 
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Regulator,  Carbon  Pile 
Regulator,  Reg  Ohm 
Relay 

Reluctance 

Residual  Magnetism 
Resistance  (R) 
Resistor 
Resistance  Wire 

Retentivity 
Rheostat 
Right  Triangle 
Ripple 

Ripple  Frequency 
Rotor 

Rotating  Magnetic  Field 
Saturation 


Half-Wave  Rectifier     A  device  which  converts  AC  into 
pulsating  DC  by  allowing  current  to  pass  during  one 
alternation  of  each  AC  cycle. 

Device  for  controlling  the  voltage  or  current  output 
of  generators* 

Varies  resistance  in  the  control  windings  of  the 
positive  control  mag  amp* 

An  electromagnetic  switch  which  permits  control  of  a 
large  current  in  one  circuit  by  a  mucli  smaller 
current  flowing  in  a  control  circuit. 

Opposition  to  the  flow  of  magnetic  lines  of 
force. 

The  magnetism  which  remains  in  a  material  after  the 
magnetizing  force  is  removed. 

The  opposition  to  the  flow  of  current  caused  by  the 
nature  and  physical  dimensions  of  a  conductor* 

A  circuit  element  whos«i  chief  characteristic  is 
resistance;  used  to  oppose  the  flow  of  current. 

Wire  made  of  a  metal  or  alloy  having  high  resistance 
per  unit  length,  such  as  nichrome.    Used  in  wire- 
wound  resistors,  heating  elements,  etc. 

Ability  to  remain  magnetized. 

A  variable  resistor. 

A  triangle  which  has  one  90-degree  angle. 

Periodic  fluctuation  on  a  DC  voltage  which  results 
from  incomplete  filtering  in  a  power  rectifier  set, 
or  from  the  bars  of  the  commutator  of  a  DC  generating 
machine. 

The  number  of  pulses  or  ripples  per  unit  length  of 
time.     It  is  used  as  an  expression  of  the  frequency 
of  a  pulsating  voltage  or  current. 

The  part  of  an  electrical  machine  that  turns  or 
rotates  <. 

Name  applied  to  the  magnetic  field  in  the  stator  of 
AC  motors. 

-S- 

In  a  vacuum  tube  the  condition  which  exists  when  an 
increase  ir  plate  potential  does  not  increase  electron 
flow  of  the  tube. 
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Saturable  Reactor 


Magnetic  core  reactor  in  which  a  low  value  of  current 
produces  magnetic  saturation  of  the  core* 


Schematic  Circuit  Diagram  Circuit  diagram  in  which  component  parts  are 

represented  by  simple,  easily  drawn  symbols.  May  be 
called  a  schematic. 


Secondary  Coil 
Secondary  Emission 

Secondaiy  Voltage 

Selenium  Rectifier 

Self  Excitation 

Self-Inductance 
Self -Induct ion 


Semiconductor 

Semiconductor  Diode 
Series  Circuit 

Shell 

Short  Circuit 
Shunt 


Shunt  Wound 
Signal 


The  output  winding  of  a  transformer. 

The  emission  of  electrons  from  the  plate  due  to  the 
bombardment  of  electrons  from  the  cathode. 

Voltage  across  the  secondary  windings  of  a 
transformer. 

Rectifier  formed  of  discs  of  metal  in  contact  with  a 
layer  of  metallic  selenium. 

A  generator  that  receives  excitation  power  from 
itself. 

Induction  associated  with  but  one  circuit. 

1.    Action  in  which  a  counter  electromotive  force  is 
produced  in  a  conductor  when  the  conductor's  own 
magnetic  field  collapses  and  expands  with  a  change  of 
current  flow.    2.    Production  of  a  voltage  in  a 
circuit  as  a  result  of  a  varying  voltage  in  the 
same  circuit. 

Solid  or  liquid  electronic  conductor,  with 
resistivity  between  that  of  metals  and  insulators. 

A  diode  made  of  semiconductor  materials. 

Two  or  more  units  connected  with  only  one  path  for 
current  through  them. 

A  group  of  electrons  supposed  to  form  part  of  the 
outer  structure  of  the  atom,  and  having  a  common 
energy  level. 

A  low  or  zero  resistance  path  between  two  points. 
A  type  of  electrical  trouble  wherein  the  current 
bypasses  the  normal  unit  of  resistance  Jn  the  circuit. 

A  particular  type  of  resistor  designed  to  be 
connected  in  parallel  with  an  instrument  to  extend 
its  current  rcnge  beyond  the  value  for  which  the 
instrument  is  already  complete. 

A  motor  or  generator  wound  so  that  the  armature  and 
field  are  in  parallel. 

Any  transmitted  electrical  impulse. 
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Silicon 
Sine  Curve 
Sine  Wave 

Slip 

Slip  Rings 

Solenoid 
Space  Charge 
Specific  Gravity 

Spark 

Squirrel  Cage  Windings 
Static 

Static  Electricity 
Stator 

Step-Down  Transformer 
Step-Up  Transformer 

Subatomic  Particles 
Switch  (SW  or  S) 


Nonmetallic  element  which  is  a  semiconductor  used 
in  the  manufacturing  of  transistors. 

The  graph  obtained  by  plotting  the  sine  of  an  angle 
against  degrees. 

The  waveform  of  pure  alternating  current  showing  the 
buildup  to  maximum  value  and  the  falling  off  to  zero 
of  both  negative  and  positive  alternations. 

The  difference  between  synchronoixs  speed  and  actual 
speed  of  the  rotor  of  an  induction  motor. 

Copper  rings  which  complete  a  circuit  to  a  rotating 
menber  through  brushes.    May  be  used  for  either  AC 
or  DC  circuits. 

A  coil  of  insulated  wire  wound  in  the  form  of  a 
spring  or  on  a  spool. 

A  negative  charge  in  a  vacuum  tube  due  to  free 
electrons  which  are  not  attracted  to  the  plate. 

The  ratio  of  the  weigjit  of  a  given  volume  of  any 
substance  to  the  weigjit  of  the  same  volume  of  pure 
water. 

Flash  due  to  an  electric  discharge  througji  air  or 
some  other  dielectric  material,  taking  place  between 
two  or  more  electrodes. 

Short  circuited  windings  with  its  conductors  joined 
by  a  continuous  end  ring. 

Fixed,  nonvarying,  non-moving  condition. 

An  electric  charge  caused  by  friction  of  two 
dissimilar  materials,  generally  found  in  nature. 

A  stator  is  the  part  of  an  AC  generator  or  motor 
which  has  the  stationary  winding  on  it. 

Transformer  in  which  the  energy  transfer  is  from  a 
high  voltage  winding  to  a  low  voltage  winding  or 
windings . 

A  transformer  in  which  the  energ>'  transfer  is  from  a 
low  voltage  winding  to  a  high  voltage  winding  or 
windings . 

Particles  which  make  up  the  atom.    Proton,  neutron 
and  electron. 

A  device  for  closing,  opening,  or  changing  the 
connections  of  a  circuit. 
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Switching 


Making,  breaking,  or  changing  the  electrical 
connections  of  a  circtiit. 


Synchronization 

Synchronous 
Synchronous  Motor 

Tap 


The  process  of  bringing  two  or  more  AC  units  in 
phase  with  each  other. 

Moving  in  perfect  time  or  step. 

A  motor  which  turns  at  the  same  speed  as  the 
rotating  magnetic  field. 

-T- 

A  connection  brougjit  out  of  a  winding  of  a  transformer 
at  some  point  between  its  extremities,  usually  to 
permit  changing  of  the  voltage  ratio. 


Terminal 
Test  Jack 

Test  Lead 
Test  Prod 


A  point  to  which  electrical  connections  are  made. 

Appearance  of  a  circuit  or  circuit  element  in  jacks 
for  testinj^  purposes. 

Flexible  insulated  lead  used  chiefly  for  connecting 
meters  and  test  equipment  to  a  circuit  under  test  at 
a  test  point. 

Sharp  metal  point  provided  with  an  insulated  handle 
and  means  for  electrical  connection  to  a  point  under 
test.    It  is  used  for  making  touch  connections  to  a 
circuit. 


Thermocouple 


A  joint  of  two  dissimilar  metals  across  which  a  DC 
voltage  is  produced  when  heated. 


Toggle  Switch 
Torque 

Transformer  (T) 


Transistor 


Triode 


True  Power  (P^) 


A  manually  operated  lever  type  switch. 
A  twisting  or  turning  force. 

A  device  for  transferring  electrical  energy  from  one 
circuit  to  another.    It  may  step  up  the  voltage  and 
step  down  the  current  or  vice  versa.    In  any 
particular  case  the  total  energy  transferred  remains 
the  same,  except  for  copper  loss,  eddy  currents  and 
hysteresis. 

Active  semiconductor  device  with  3  cr  more 
electrodes.  ^ 

A  three-element  vacuum  tube. 

The  power  actually  consumed  in  an  AC  circuit  and 
2 

equal  to  I  R.    Measured  in  watts. 
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Turn  Ratio 


The  ratio  of  the  number  of  turns  in  a  primary 
winding  of  a  transformer  to  the  number  of  turns  in 
the  secondary  winding. 


-V- 


Vacuum 


Valence 


Valence  Band 


Variable  Capacitor 


Variable  Inductor 


An  inclosed  space  from  which  practically  all  air  has 
been  removed.     (A  perfect  vacuum  is  not  obtainable.) 

Measure  of  the  extent  to  which  an  atom  is  able  to 
combine  directly  with  other  atoms.    It  is  believed 
to  depend  on  the  number  and  arrangement  of  the 
electrons  in  the  outermost  shell  of  the  atom. 

The  range  of  energy  states  in  the  spectrum  of  a  solid 
crystal  in  which  lie  the  energies  of  the  valence 
electrons  which  bind  the  crystal  together. 

Capacitor  whose  capacitance  can  be  varied  from 
maximum  to  minimum  value  by  mechanical  means. 

Coil  in  which  the  inductance  value  can  be  varied  by 
mechanical  means. 


Variable  Resistor 


Wire-wound  or  composition  resistor,  the  value  of 
which  can  be  changed  by  mechanical  means . 


Varmeter 


Vector 


Meter  used  to  measure  reactive  power  in  an  electrical 
circuit.    Measures  volt-amp-reactive;  meeisures  all 
of  the  volts  of  the  circuit  times  all  of  the  out- 
of-phase  amps  or  current. 

A  line  which  by  length  shows  amount  of  a  quantity 
to  scale  and  whose  arrow  represents  direction  or 
angle  of  the  quantity. 


Velocity 
Vibrator 

Volt  (v) 
Voltage 


Voltage  Drop 


1.    Quickness  of  motion;  2.  speed. 

A  mechanical-electrical  device  used  to  change  a 
continuous  steady  current  into  a  pulsating  current. 

Unit  of  electromotive  force  or  electrical  pressure. 
One  volt  is  the  pressure  required  to  send  1  ampere 
of  current  through  a  resistance  of  1  ohm. 

Term  used  to  signify  electrical  pressure.  Voltage 
is  the  force  which  causes  current  to  flow  through 
an  electrical  conductor.    Voltage  of  a  circiiit  is  the 
greatest  difference  in  potential  between  any  two 
conductors  of  the  circuit  concerned. 

A  part  of  the  applied  voltage  used  up  in  a  particular 
part  of  a  circuit.    In  a  simple  circuit  the  voltage 
drop  across  the  unit  of  resistance  would  equal  the 
applied  voltage. 
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Voltage  Rating 
Voltage  Regulator 

Volt-Ampere  (VA) 
Volt-Amp-Reactive  (VAR) 

Voltmeter 
Watt 

Wattage  Rating 
Wavelength 

Weight 

Winding 

Wire 

Wire -wound  Resistor 
Wiring  Diagram 
Work 

ERIC 


The  maximum  sustained  voltage  that  can  be  safely 
applied  to  an  electrical  device  without  risking  the 
possibility  of  electrical  breakdown. 

A  device  used  in  connection  with  generators  to  keep 
the  output  voltage  constant  as  load  or  speed  is 
changed* 

The  unit  of  apparent  power  in  an  AC  circuit. 

The  unit  of  reactive  power;  the  product  of  the  out- 
of-phase  voltage  and  current. 

Instrument  for  measuring  potential  difference  or 
voltage.    It  may  be  calibrated  in  volts,  millivolts, 
or  kllovolts  • 

-W- 

Practlcal  unit  of  electrical  power.     It  is  the  power 
required  to  do  work  at  the  rate  of  1  joule  per 
second.     In  a  DC  circuit,  the  power  in  watts  is 
equal  to  the  voltage  multiplied  by  the  current  in 
amperes.    In  an  AC  clrctiit,  the  true  power  in  watts 
is  the  effective  voltage  multiplied  by  the  clrctiit 
power  factor.     (Note)    746  watts  =  1  horsepower. 

Rating  expressing  the  maximum  power  that  a  device 
can  safely  handle. 

The  distance  between  two  corresponding  phases  of  two 
consecutive  waves  of  a  wave  train.    It  is  usually 
expressed  in  meters. 

The  force  with  which  a  body  is  attracted  toward  the 
center  of  the  earth  by  gravity. 

One  or  more  turns  of  wire  forming  a  continuotis  coil 
for  a  transformer,  rotating  machine,  or  other  device • 

Solid  or  stranded  group  of  solid,  cylindrical 
conductors  having  low  resistance  to  current  flow, 
with  any  associated  insulation. 

Resistor  utilizing^  as  the  resistive  element,  a  length 
of  high  resistive  wire  or  ribbon  wound  on  an 
insulating  form. 

Drawing  that  shows  electrical  equipment  and/or 
coi!5)onent  parts  together  with  all  the  wiring  that 
connects  this  equipment  and/or  parts. 

The  result  of  a  force  actings  against  opposition  to 
produce  motion  and  is  measured  in  terms  of  the 
product  of  the  force  and  the  distance  it  acts* 
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Working  Voltage 


Voltage  rating.    In  a  capacitor  it  is  the  maximum 
that  the  device  can  withstand  under  normal  operating 
conditions • 


Wye 


Method  of  connecting  the  stator  windings  in  a  3  phase 
motor  or  generator. 


Zener  Breakdown 


In  a  semiconductor  diode,  a  breakdown  that  is  caused 
by  the  field  emission  of  holes  and  electrons  in  the 
depletion  layer. 
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COEFFICIENT  HANDOUT 

INFORMATION 

This  handout  will  provide  you  with  some  general  information  on 
coefficients  for  the  automatic  temperature  control  circuits  for 
this  career  field.    You  will  npc  be  allowed  to  use  this  handout  for 
any  appraisal,  progress  check,  performance  test,  measurement  test  or 
any  form  of  an  evaluation. 

INSTRUCTIONS 

After  you  receive  this  handout,  place  your  name  below  with  your 
class  number.    Before  the  fifth  school  day,  you  will  color  with  a  blue 
and  red  color  the  areas  as  instructed  on  each  page.    You  are  required 
to  bring  this  handout  with  you  each  day  to  class  until  graduation. 

The  following  is  given  to  help  define  some  of  the  areas  on  each  of 
these  four  pages: 

Bridge  Circuit  Wiring  -  Wiring  in  the  bridge  attached  to  the 

sensor.    This  wiring  normally  allows  the 
sensor  to  be  attached  to  the  temp  control 
box.    In  the  temp  control  box  you  will 
find  other  parts  of  the  bridge. 

Temp  Control  Box  -  A  container  which  may  house  micropositioners 

or  magnetic  anjpli^ie^s  to  receive  signals 
from  the  sensor  circuit  which  results  in 
controlling  power  to  the  valve  used  for 
temperature  control.    This  is  where  you  will 
also  find  other  parts  of  the  bridge  circuit. 

Wiring  to  valve(s)       -  Wiring  used  to  carry  the  signal  from  the 
for  temp  control  temp  control  box  to  the  valve (s)  for 

temperature  control. 

Sensor  circuit  -  A  circuit  that  includes  a  sensor  and  its 

wiring,  which  are  normally  found  in  a  bridge 
circuit. 


Name:    Last  First  MI 


Class  Number 


Supersedes  3ABR42331-HO-101D,  12  March  1980.  RGL:  N/A 

OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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NEGATIVE  COEFFIClEhn- 
COLD  COCKPIT/FULL  HOT 


Bridge 
C  i  rcui  t 
Wi  ring 


Temp  cont  box 


/ 


Wiring  to  valve(s) 
for  temp  control 


Hot  Air  / 


/mi 


\  rcond  i  t  ioner 


Negative  Coefficent 


Color  the  duct  between  the  air-conditioner  and  the  cockpit  red. 
Red  =  HOT  AIR 

Color  the  cockpit  area  where  it  is  cold,  blue.    Blue  =  COLD  AIR 

A  NEGATIVE  coefficient  sensor,  as  illustrated  above,  is  surrounded 
by  COLD  AIR  in  the  cockpit.    This  COLD  AIR  makes  the  sensor  resistance 
go  up  (HIGH).    A  HIGH  resistance  in  a  NEGATIVE  coefficient  sensor  calls 
for  and  gives  the  cockpit  HOT  AIR  from  the  air-conditioner  as  shown 
above. 

NOTE  TO  REMEMBER:     The  NEGATIVE  coefficient  SENSOR  CIRCUIT  in  the 

BRIDGE  is  made  up  of  the  SENSOR,  and  the  WIRING 
to  the  sensor. 

Note:    Remember,  if  the  wiring  in  the  bridge  to  the  sensor  is 
BROKEN  (Open),  as  you  should  know  by  now  from  your  multimeter 
training,  there  will  be  HIGH  RESISTANCE.    As  you  can  see  in  the 
above  information,  HOT  AIR  will  come  from  the  air-conditioner 
anytime  the  NEGATIVE  COEFFICIENT  CIRCUIT  (in  the  bridge)  has  a 
HIGH  RESISTANCE  in  it.    This  is  caused  either  by  a  HIGH  RESISTANCE 
or  an  OPEN  in  the  SENSOR  or  WIRING. 

REMEMBER         REMEMBER         REMEMBER         REMEMBER          REMEMBER  REMEMBER 

REMEMBER:    HIGH  RESISTANCE  in  a  NEGATIVE  COEFFICIENT  sensor  circuit 
(in  the  bridge)  gives  the  cockpit  HOT  AIR  from  the 
air-conditioner. 
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NEGATIVE  COEFFICIENT 
HOT  COCKPIT/FULL  COLD 


Temp  cont  box 


Wiring  to  valve(s) 
for  temp  control 


/  Ai  rcond i  1 1  oner 


NEGATIVE  COEFFICIENT 


Color  the  duct  between  the  air-conditioner  and  the  cockpit 
blue.    Blue  =  COLD  AIR 

Color  the  cockpit  area  where  it  is  hot  red.    Red  =  HOT  AIR 

A  NEGATIVE  coefficient  sensor,  as  illustrated  above,  is  surrounded 
by  HOT  AIR  in  the  cockpit.    This  HOT  AIR  makes  the  sensor  resistance  go 
down  (LOW).    A  LOW  resistance  in  a  NEGATIVE  coefficient  sensor  calls 
for  and  gives  the  cockpit  COLD  AIR  from  the  air-conditioner  as  shown 
above. 


NOTE  TO  REMEMBER: 


The  NEGATIVE  coefficient  SENSOR  CIRCUIT  in  the 
BRIDGE  is  made  up  of  the  SENSOR,  and  the  WIRING 
to  the  sensor. 


Note:    Remember,  if  the  wiring  in  the  bridge  to  the  sensor  is 
SHORTED,  there  will  be  a  LOW  RESISTANCE.    As  you  can  see  in  the 
above  information,  COLD  AIR  will  come  from  the  air  conditioner 
anytime  the  NEGATIVE  COEFFICIENT  CIRCUIT  (in  the  bridge)  has  a 
LOW  RESISTANCE  in  it.    This  is  caused  either  by  a  LOW  RESISTANCE 
or  a  SHORT  in  the  SENSOR  or  WIRING. 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER:    LOW  RESISTANCE  in  a  NEGATIVE  COEFFICEINT  sensor  circuit 
(in  the  bridge)  gives  the  cockpit  COLD  AIR  from  the 
air-conditioner . 
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POSITIVE  COEFFICIENT 
COLD  COCKPIT/FULL  HOT 

Temp  cont  box 


POSITIVE  COEFFICIENT 


Color  the  duct  between  the  air-conditioner  and  the  cockpit  red. 
Red  =  HOT  AIR 

Color  the  cockpit  area  where  It  is  cold  blue.    Blue  ■  COLD  AIR 

A  POSITIVE  coefficient  sensor,  as  Illustrated  above,  is  surrounded 
by  COLD  AIR  in  the  cockpit.    This  COLD  AIR  makes  the  sensor  resistance 
go  down  (LOW).    A  LOW  resistance  In  a  POSITIVE  coefficient  sensor  calls 
for  and  gives  the  cockpit  HOT  AIR  from  the  alr-condltioner  as  shown 
above. 

NOTE  TO  REMEMBER:    The  POSITIVE  coefficient  SENSOR  CIRCUIT  in  the 

BRIDGE  Is  made  up  of  the  SENSOR,  and  the 
WIRING  to  the  sensor. 

Note:    Remember,  if  the  wiring  In  the  bridge  to  the  sensor  is 
SHORTED,  there  will  be  a  LOW  RESISTANCE.    As  you  can  see  in  the 
above  information,  HOT  AIR  will  come  from  the  air-conditioner 
anytime  the  POSITIVE  COEFFICIENT  CIRCUIT  (in  the  bridge)  has  a 
LOW  RESISTANCE  in  it.    This  is  caused  either  by  a  LOW  RESISTANCE 
or  a  SHORT  in  the  SENSOR  or  WIRING. 

REMEMBER         REMEMBER         REMEMBER         REMEMBER         REMEMBER  REMEMBER 

REMEMBER:    LOW  RESISTANCE  in  a  POSITIVE  COEFFICIENT  sensor  circuit 
(in  the  bridge)  gives  the  cockpit  HOT  AIR  from  the 
air-conditioner . 
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POSITIVE  COEFFICIENT 
HOT  COCKPIT/FULL  COLD 


Temp  cont  box 


Wiring  to  valve(s) 
for  temp  control 


Ai  rcond  i  t ioner 


POSITIVE  COEFFICIENT 


Color  the  duct  between  the  air-conditioner  and  the  cockpit 
blue.    Blue  ^  BLUE  AIR  » 

Color  the  cockpit  area  where  it  is  hot  red.    Red  «  HOT  AIR 

A  POSITIVE  coefficient  sensor,  as  illuf  *  ^'ated  above,  is 
surrounded  by  HOT  AIR  in  the  cockpit.    This  aOT  AIR  makes  the  sensor 
resistance  go  up  (HIGH).    A  HIGH  resistance  in  a  POSITIVE  coefficient 
sensor  calls  for  and  gives  the  cockpit  COLD  AIR  from  the  air-conditioner 
as  shown  above. 


NOTE  TO  REMEMBER: 


The  POSITIVE  coefficient  SENSOR  CIRCUIT  in 
the  BRIDGE  is  made  up  of  the  SENSOR,  and  the 
WIRING  to  the  sensor. 


Note:    Remember,  if  the  wiring  in  the  bridge  to  the  sensor  is 
BROKEN  (open),  there  will  be  a  HIGH  RESISTANCE.    As  you  can  see 
in  the  above  information,  COLD  AlP  will  come  from  the 
air-conditioner  anytime  the  POSITIVE  COEFFICIENT  CIRCUIT  (in 
the  bridge)  has  a  HIGH  RESISTANCE  in  it.    This  is  caused  either 
by  a  HIGH  RESISTANCE  or  a  OPEN  in  the  SENSOR  or  WIRING. 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER 


REMEMBER:    HIGH  RESISTANCE  in  a  POSITIVE  COEFFICIENT  sensor  circuit 
(in  the  bridge)  gives  the  coc^cpit  COLD  AIR  from  the 
air-conditioner . 
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Chanute  AFB,  Illinois 


RULES,  LAWS  AND  FORMULAS 


3ABR42331-HO-101B 
26  October  1981 


'C  - 


'F  -  32 


1.8 
Ohm's  Law 


°F  -  "C  X  1.8  +  37 


...  R  "  E/I 

P  »  I  X  E 
E  «=  P/I 
I  =  P/E 
Kirchoff's  Laws 

Current  -  The  sum  of  the  current  flowing  into  any  junction  of  conductors, 
is  equal  to  the  sum  of  the  currents  flowing  away  from  the 
junction. 

Voltage  -  The  sum  of  the  voltage  drops  around  any  closed  paths,  is 
equal  to  the  applied  voltage. 


Resistance  - 
Series 


Rj.  -  R^  +  Rj  +  R3  etc. 


Parallel 


t      1/R^  +  l/R^  +  1/R^  etc. 


Open  Circuit  -  incomplete  path  for  current  flow. 

Short  Circuit  -  also  called  a  short.    An  abnormal  connection  of  relatively 
low  resistance  between  two  points  of  a  circuit.    The  result 
is  a  flow  of  excess  (often  damaging)  current  between  these 
points. 
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Chaxmte  AFB,  Illinois 


Student  Name*' 


Last 


Chain  of  Command 


ORIENTATION  EAHDOIIT 
.  Date 


3ABRl|2331-HO-101C 
15  January  1981 


First 


MI 


SQ  Commander^ 
Branch  Chief" 
Course  Sup 
Blk  Sup 
Blk  I 
Blk  II 
BUc;  III  " 

BUc  IV  2 
Student  Sup  " 


Eh 
Ph" 


Course  # 
Class  # 
jSraduation  # 


Ph 

Ph" 

Ph" 

Ph" 

Ph" 


Class  Time  for  Blk 
Class  Start 
ClasB  Over 
Lunch  Time 
Breaks 


Block  I  Fundamentals 

Meaaureaent  I      1|7.5  Hrs  6.1  Days 

Measurement  II     81.0  Hrs  10.7  Days 

Total      129.0  Hrs  16.8  Days 

+     MT        2U.0  Hrs  ^Military  Training 


Block  II  Air  Conditioning  Systems 

Measurement  I       61.5  Hrs  8.0  Days 
Measurement  II     67.5  Hrs  8.8  Days 
Total      129.0  Hrsl6.8  Days 
+      MT         6.0  Hrs 

Block  III  Environmental  Systems  Units 

Measurement  I       83. 0  Hrs    10,9  Days 
Measurement  II     50.O  Hrs     6.5  Days 
Total     133.0  Hrs    17. k  Days 
+       MT        8.0  Hrs 


Clean-up  timet  last  20  min 
of  the  day. 


EMERGENCY  PHONE  NDMBEStS 
Dial  117  for  fire 

Dial  "CAHE"  or  2273 
anytime  for  personal 
problems . 


Block  rv   Utility  Systems  and  Fli^t  Line  Maintenance 


Measurement  I       76.5  Hrs 
Measurement  II     i;0.0  Hrs 
Total     116.5  Hrs 
-K       MT       II4.0  Hrs 
■f_.CritiQue  and  Qrad.    O.g  Hrs 


10.0 
5.0 


Days 
Days 


Total     507.0  Hrs 
+  52.0  Hrs 

+  Critique  and  Grad.    0.5  Hrs 
Total     ^60.0  Hrs 


=  66.0  Days  =  I3  Weeks 


8  hrs  in  class  =  1  Day  of  school 
ho  Hrs  in  Class  =  1  Week  of  school 

Orientation  Day  in  school  counts  for  your  first  day  of  school. 
Satisfactory  completion  of  course  with  a  diploma,  CCAP  will  give  
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CImis  start  wad  stop  polioiM  at  aad  , 

^  Stuitnt  Mat  1>«  in  thair  olaaa  or  lab  no  latar  than  hra. 

_  Student  will  not  laara  tha  aobool  or  Imiiainf  bafora  bzs  without 

an  inatruetor  or  Inatruotor  aiqparvnaora  panlaaion. 
^  Studant  will  oaat  tha  aquadron  fotwition  aftar  aa  diraetad  hy 

aquadson  and/  or  achool,  axoludiacr  the  SIA  atudanta. 

 SU  atudanta  will  ba  diaaiaaad  at  ....^  an£  ratuzn  to  aquadron. 

_  Studanta  will  not  lii^r  around  tha  aohool  buildinf  durlaf  Ivaoh. 
 Studanta  ara  aakad  not  to  ratum  any  aarliar  than  hra  to  tha 

aohool  building. 

_  Studanta  will  to  and  fjfom  tha  ohow  hall  duxlx«  tha  lunoh  pariod. 

^  Studanta  will  ba  in  thair  claaa  or  lab  no  latar  than  hra  aftar  lunoh. 

_  Studanta  will  ba  diai^aaad  at         hra  for  lunoh  and  wgr  laara  for  lunoh 
starting  at  ,.  tea. 
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Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


AIRCRAFT  FAMILIARIZATION 


20  October  1982 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  for  ATC  Course  Use. 


PROGRAMMED  TEXT 


C3ABR42331-PT-105 


Do  Not  Use  on  the  Job.  RGL.  10.6 
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OBJECTIVES 

1.  Specify  elements  used  to  make  up  the  aircraTt  designation 
system  with  a  minimum  of  80Z  accuracy. 

'ill 

2.  Specify  the  teras  of  the  aircraft  station  numbering  system 
with  a  minimum  of  80%  accuracy. 

3.  Relate  major  aircraft  systems  to  their  purpose  with  a 
minimum  of  80Z  accuracy. 


Supersedes  3ABR42331-PT-105,  26  March  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;    DAV  -  1 
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INSTRUCTIONS 


Use  the  response  sheet  and  place  all  your  answers  on  it.    DO  NOT 
WRITE  IN  THIS  BOOK.    This  program  presents  information  in  sections: 

SECTION  I,  Aircraft  Designation  System 

SECTION  II    Aircraft  Station  Numbering  System 

SECTION  III,  Major  Aircraft  Systems 

In  each  section  you  will  find  the  program  presents  the  information  in 
small  steps  called  "FRAMES."    After  reading  each  frame,  you  are  normally 
asked  to  select  an  answer  or  make  an  entry  that  shows  you  understand  the 
information  in  that  frame.    Check  the  accuracy  of  your  work  with  the 
answers  supplied  at  the  end  of  each  section.    If  you  responded  incorrectly, 
find  out  why  you  missed  the  question.    You  can  do  this  by  reaccomplishing 
the  frame  or  the  section.    If  you  still  continue  to  have  incorrect 
responses  consult  your  instructor.    Insure  you  have  taken  corrective 
measures  for  your  incorrect  responses  before  you  move  on  to  the  next 
frame,  section,  test,  or  text.    If  you  have  correctly  responded, 
continue  working  as  directed  in  the  program. 

After  completion  of  this  program  text  response  sheet  (all  three 
sections)  consult  your  instructor  so  you  may  be  given  the  test  on  this 
program. 

Now  turn  to  SECTION  I,  Frame  1  and  begin* 
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SECTION  I 
AIRCRAFT  DESIGNATION  SYSTEM 

FRAME  1 

The  designation  system  described  in  this  section  applies  to  all 
military  aircraft  (fixed,  movable,  and  rotary  wing)  with  a  combat  or 
combat-related  mission.    Hereafter,  military  aircraft  incluoed  in  the 
designation  system  may  be  referred  to  collectively  as  aerospace  vehicl 

On  the  response  sheet  place  "T"  for  true  and  "F"  for  false  for  the 
following. 

  1.      The  designation  system  is  not  for  combat-related  aircraft. 

  2.      Combat  aerospace  vehicles  will  have  the  designation  system. 
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FRAME  2 


AIRCRAFT 

DEFINITION  -  An  air  vehicle  designed  primarily  for  flight  in  the 
atmosphere  which  has  incorporated  In  Its  basic  design  the  ability  or 
requirement  for  human  occupancy. 

On  the  response  sheet  place  "T"  for  true  and  "F"  for  false  for  the 
following. 

  An  aircraft  will  always  have  the  requirement  for  human  occupancy. 
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FRAME  3 


EXAMPLE 


^  G  R  3  7  52  A  01 


BASIC  DESIGNATION  J 

DEFINITION  -  The  minimum  combination  of  letters  and  numbers  required 
to  identify  adequately  an  aerospace  vehicle. 

On  the  response  sheet  place  "T"  for  true  and  "F"  for  false  for  the 
following. 

  1.      Letters  are  the  only  things  used  to  identify,  adequately  an 

aerospace  vehicle. 
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FRAME  4 


AEROSPACE  VEHICLE  DESIGNATION  SYSTEM 


All  military  aerospace  vehicles  will  be  assigned  a  basic  designatl 
consisting  of  items  listed  in  Frame  5  through  Frame  10,  as  applicable, 
in  the  order  shown. 


NO  RESPpNSE  REQUIRED 
GO  TO  NEXT  FRAME 


i 
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FRAME  5 


EXAMPLE  .-G  R  B  -  52  A  01 


I 

STATUS  PREFIX  SYMBOL   

This  symbol  (letter),  if  it  is  applicable,  indicates  an  aerospace 
vehicle  which  is  not  standard  due  to  test  instrumentation,  modification, 
experiment  1,  or  prototype  design.    For  aircraft,  the  symbol  will  be 
placed  at  the  immediate  left  of  the  modified  mission  symbol  or  the  basic 
mission  symbol  in  the  absence  of  the  former.    Attachment  1  gives  the 
authorized  status  prefix  symbols,  at  the  end  of  this  section.  Turn 
to  attachment  1  and  find  the  letter,  the  title  and  the  description 
which  are  used  for  status  prefix  symbols. 

Without  looking  in  attachment  1,  on  your  response  sheet  mark  the 
correct  answer  for  the  following. 

1.  The  status  prefix  symbol  "G"  shown  in  the  example  above  has  the  title, 

a.  permanently  grounded. 

b.  experimental. 

c.  prototype. 

d.  planning. 

2.  Experimental  aerospace  vehicles  will  use  which  letter  for  status 
prefix  symbols? 

a.  J 

b.  N 

c.  X 

d.  Y 


8 


FRAME  6 

EXAMPLE  ^  G  R  B  -  52  A  01 

MODIFIED  MISSION  SYMBOL   '  


This  symbol  will  consist  of  a  prefix  letter  placed  at  the  immediate 
left  of  the  basic  mission  of  the  aircraft.    Normally,  only  one  modified 
mission  symbol  will  be  used  for  any  one  designation.    Attachment  2  gives 
the  authorized  modified  mission  symbols  at  the  end  of  this  section. 
Turn  to  attachment  2  and  find  the  letter,  the  title  and  the  description 
which  are  used  for  modified  mission  symbols. 

Without  looking  in  attachment  2,  on  your  response  sheet  mark  the 
correct  answer  for  the  following. 

1.  The  modified  mission  symbol  "R"  shown  in  the  example  above  has  the 
title, 

a.  special  electronic  installation. 

b .  reconnaissance . 

c.  transport, 
'i*  rescue. 

2.  An  aerospace  vehicle  will  use  which  modified  mission  symbol  letter 
to  identify  an  tanker? 

a.  C 

b.  P 

c.  K 

d.  T 

On  the  response  sheet  mark  "T"  for  true  and  "F"  for  false  for  the 
following. 

3*    The  example  given  above  tells  you  the  aircraft  has  been 

modified  to  a  reconnaissance  aircraft  and  also  has  been 
permanently  grounded. 
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FRAME  7 


EXAMPLE  G  R  B  -  52  A  Oil 


BASIC  MISSION  AND  TYPE  SYMBOLS  ' 

The  basic  mission  symbol  (letter)  denotes  the  primary  function  of 
capability  of  an  aircraft.    Mission  and  type  symbols  denote  the  mission 
and  type  of  aircraft  other  than  fixed  wing.    An  aircraft  identified 
by  a  type  symbol  such  as  "H"  for  helicopter  will  be  further  identifed 
by  either  a  mission  symbol  or  a  modified  mission  symbol,  but  not  both. 
Attachment  3  gives  the  authorized  basic  mission  and  type  symbols  at  the 
end  of  this  section.    Turn  po  attachment  3  and  find  the  letter,  title, 
and  the  description  which  are  used  for  basic  mission  and  type  symbols. 

Without  looking  in  attachment  3,  on  your  response  sheet  mark  the 
correct  answer  for  the  following. 

1.      The  basic  mission  and  type  symbol  "B"  shown  in  the  example  above 
has  the  title, 

a.  attack. 

b.  bomber. 


c .      tanker . 


d.  transport. 

2.     An  aerospace  vehicle  will  use  which  basic  mission  and  type  symbol 
letter  to  identify  a  tanker? 


b.  K 


d.  X 

On  the  response  sheet  mark  "T"  for  true  and  "F"  for  false  for  the  following. 

3.    The  example  given  above  tells  you  the  aircraft  was  a  bomber 

and  has  been  modified  to  a  reconnaissance  mission  and  has 
been  permanently  grounded. 
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FRAME  8 


EXAMPLE  R  B  -  52  A  01 


DESIGN  tOJMBER—  

This  number  gives  changes  that  are  within  the  same  basic  aerospace 
vehicle.    Design  numbers  will  be  assigned  consecutively  beginning  with 
"1"  for  each  vehicle.    A  dash  will  be  placed  between  the  basic  mission 
symbol  and  the  design  number  for  all  aerospace  vehicles. 

The  above  example  shows  this  was  originally  a  B-52  (bomber)  aircraft 
which  is  the  52nd  design  number. 

E>:amples: 

B-1,  B-2,  B-3  ,  B-24,  B-25,  ,  B-52,  ,  B-58,  ~  B-66,  etc. 


On  the  response  sheet  mark  "T"  for  true  or  "F"  for  false  for  the  following. 

  1.      The  example  given  below  tells  you  the  aircraft  was  a  bomber  and 

modified  to  refueling  aircraft  and  has  been  permanently  grounded 
and  also  is  the  52nd  tanker  in  the  design  number  sequence. 

EXAMPLE:      G  R  B  -  52  A  01 
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FRAME  9 


EXAMPLE 


G  R  B  -  52  A  01 


SERIES  SYMBOL 


A  letter  that  is  after  the  design  number  shows  the  initial  production 
model  and  follow-on  major  tnodif ications  to  an  aerospace  vehicle.  This 
change  is  made  when  it  results  in  a  significant  difference  that  affects 
the  relationship  of  the  vehicle  to  the  original  aircraft  production  mode. 
Series  symbol  letters  will  be  assigned  consecutively,  beginning  with  "A." 
To  avoid  confusion,  the  letters  "I"  and  "0"  will  not  be  used  as  series 


B-52A,  B-52B    B-52E,  B-52F,  B-52G,  B-52H,    etc. 

C-130A,  C-130B    C-130E,    C-130J,  C-130K,    etc. 

On  your  response  sheet  mark  the  correct  answer  for  the  following. 
1.      In  the  example  GRC  -  24D01  which  letter  is  the  series  symbol? 


letters. 


Example: 


G 


b. 


R 


C 


D 
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FRAME  10 


EXAMPLE  R  B  -  52  A  01 


BLOCK  NUMBERS  :  ^1 

The  production  block  numbering  system  will  be  made  up  of  the  assignment 
of  production  blocks,  starting  at  01,  next  05,  and  progression  in  multiples 
of  five  after  05,    Intermediate  block  numbers  will  be  reserved  for  field 
modifications  and  will  be  applied  by  the  using  military  department. 


Multiples 
of  Five 


Field 
Modifications 


On  your  response  sheet  mark  the  correct  answer  for  the  following. 

1.      The  block  number  in  the  aircraft  designation  GRB-52G23  shows  that  the 

a.  production  block  number  is  "20"  and  the  intermediate  block  number 
for  field  modifications  is  "23." 

b.  production  block  number  is  "23"  and  the  intermediate  block 
number  for  field  modifications  is  "03." 

c.  production  block  number  is  "52"  and  the  intermediate  block  number 
for  field  modifications  is  "02." 

d.  production  block  number  is  "52"  and  the  intermediate  block  number 
for  field  modifications  is  "23." 
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FRAME  11 


CONTRACT  YEAR. 


EXAMPLE  63  -  545143 

 t 


Sequence  of  Manufacturing. 

SERIAL  NUMBER  — 


The  method  of  assigning  serial  numbers  Is  at  the  discretion  of  the 
using  military  de|)artment.  As  shown  in  the  above  example  the  first  two 
numbers  in  front  of  the  dash  is  the  contract  year  of  the  aircraft.  The 
group  of  numbers  to  the  right  of  the  dash  is  the  number  assigned  in  the 
sequence  of  manufacturing  the  aircraft* 

On  the  response  sheet  mark  "T"  for  true  or  "f"  for  false  for  the  following, 
1*    The  contract  year  is  not  part  of  the  aircraft  serial  number* 


14 


ERJC  327 


FRAME  12 

Identify  each  part  of  the  aircraft  designation  given  below.  You 
will  do  this  by  selecting  the  correct  identification  in  column  1,  then 
write  its  letter  in  the  correct  circle  under  the  aircraft  designation. 
DO  NOT  WRITE  ON  THIS  PAGE.    You  are  to  do  this  work  on  the  response 
sheet.   


Column  1 

a.  Block  numbers  (Frame  10) 

b.  Design  number  (Frame  8) 

c.  Series  symbol  (Frame  9) 

d.  Status  prefix  symbol  (Frame  5) 

e.  Modified  mission  symbol  (Frame  6) 

f .  Basic  mission  and  type  symbols  (Frame 


X  E  C  •  129  C  03 


Note:  If  you  make  an  error  study  the  required  frames  as  needed  before 
you  go  to  frame  13. 
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FRAME  13 


If  you  have  made  an  error  on  frame  12  be  sure  you  restudy  ihe 
required  frame(s)  before  you  start  this  frame. 

Identify  each  part  of  the  aircraft  designation  given  below. 
You  will  do  this  by  selecting  the  correct  identification  in  column  1, 
then  write  its  letter  in  the  correct  circle  under  the  aircraft  desig- 
nation.   DO  NOT  WRITE  ON  THIS  PAGE.    You  are  to  do  this  work  on  the 
response  sheet. 


c.      Modified  mission  symbol  (Frame  6) 


f .      Basic  mission  and  type  symbols  (Frame  7) 

Note:  If  you  make  an  error  in  this  frame  you  should  go  back  and  restudy 
frames  1  through  13. 

After  finishing  frames  1  through  13  correctly  go  on  to  SECTION  II. 
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STATUS  PREFIX  SYMBOLS 


AEROSPACE  VEHICLES 


LETTER  *  TITLE 


DESCRIPTION 


G*       Permanently  Grounded 
J  Special  Test.  Temporary 

N  ^  Special  Test.  Permanent 

X  Experimental 

Y  Prototype 
Z  Planning 


Aircraft  permanently  grounded  and  utilized  for  ground  instruction  and 
training. 

Aerospace  vehicles  on  special  test  programs  by  authorized  organizations  or 
on  bailment  contract  having  a  special  test  configuration  or  whose  instelled 
property  has  been  temporarily  removed  to  accommodate  the  test. 

Aerospace  vehicles  on  special  test  programs  by  authorized  a<=lj\^i^7^^r^,,°" 
bailment  contract,  whose  configuration  is  so  drastically  changed  that  return 
to  iU  original  configuration  or  conversion  to  standard  operational 
configuration  is  beyond  practicab|f  or  economical  limite. 

Aerospace  vehicles  in  a  developipent  experlmentel  stage  where  the  basic 
mission  symbol  and  design  number  have  been  designated,  but  not 
esUblished  as  a  standard  vehicle. 

Aerospace  vehicles  procured  in  limited  quantities,  usually  >efore  production 

decision,  to  serve  as  models  or  patterns. 

Aerospace  vehicles  in  the  planning  or  predevelopment  stage. 


Applies  only  to  aircraft 
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Attachment  1 


MODIFIED  MISSION  SYMBOLS 


AIRCRAFT 


LETTER  TITLE 
A  Attack 


DESCRIPTION 


C 
D 
E 


H 
K 
L 

M 
0 


Q 
R 


T 

U 


Transport 
Director 

Special  Klcctronic 
Installation 


Search  Rescue 
Tanker 
Cold  Weather 


Mine  CountermeaBures 
Observation 

Patrol 

Drone 

Reconnaissance 

Antisubmarine 

Trainer 
Utility 


V  Staff 
W  Weather 


Aircraft  modified  to  search  out.  attack^  and  destroy  enemy  land  or  sea  targets,  using 
conventional  or  special  weapons.  This  symbol  also  describes  aircraft  used  for  interdic- 
tion and  close  air  suppoK  missions. 

Aircraft  modified  for  the  carriage  of  personnel  or  cargo. 

Aircraft  modified  for  controlling  drone  aircraft  or  a  missile. 

•  Aircraft  modified  with  electronic  devices  for  employment  in  one  or  more  of  the  follow- 
ing mi.'^sionH: 

(1)  Electronic  countcrmeasurcs. 

(2)  Airborne  early  warning  radar. 

(3)  Airborne  command  and  control,  including  communications  relay. 

(4)  Tactical  data  communications  link  for  all  nonautonomous  modes  of  flight. 

Aircraft  modified  and  equipped  for  performance  of  search  and  rescue  missions. 

Aircraft  modified  and  equipped  to  provide  in-flight  refueling  of  other  aircraft. 

Aircraft  modified  for  operation  in  the  Arctic  and  Antarctic  regions;  includes  skis, 
special  insulation,  and  other  ancillary  equipment  required  for  extreme  cold  weather 
operations. 

Aircraft  modified  for  aerial  mine  countermeasures  and  minesweeping  missions. 

Aircraft  modified  to  observe  (through  visual  or  other  means)  and  report  tactical 
information  concerning  composition  and  disposition  of  enemy  forces,  troops,  antj 
supplies  in  an  active  combat  area. 

Long-range,  all-weather»  multi-engine  aircraft  operating  from  land  and/or  water  bases 
modified  for  independent  accomplishment  of:  antisubmarine  warfare;  maritime  recon- 
naissance; and  mining  function. 

Aircraft  modified  to  be  controlled  from  a  point  outside  the  aircraft. 

Aircraft  modified  and  permanently  equipped  for  photographic  or  electronic  reconnais- 
sance missions. 

Aircraft  modified  so  that  It  can  function  to  search,  identify,  attack  and  destroy  enemy 
submarines. 

Aircraft  modified  and  equipped  for  training  purposes. 

Aircraft  modified  for  a  capab>  iiy  of  performing  multiple  missions  such  as  battlefield 
support,  localized  transport,  and  spiicial  light  missions.  These  aircraft  will  include 
those  having  a  small  payload. 

Aircraft  mcNllfiod  to  provide accomodationa such  aschairs,  tahlcs,  lounge,  hcrths.  otc, 
fi»r  tniuHporting  staff  personnel. 

Aircraft  modified  and  equipped  for  motcorploglcat  missions. 


Note:    Above  you  will  find  the  most  common  titles  underlined. 


Attachment  2 
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LETTER  TITLE 
A  Attach 

B  Bomber 

C  Transport 

E       Special  Electronic 
Installation 


F  Fighter 

H*  Helicopter 

K  Tanker 

0  Observation 

P  Patrol 


R 

S 

T 
U 


Reconnaissance 
Antisubmarine 

Trainer 


Utility 


V*  VTOL  and  STOL 
X  Uc5cnrrh 


BASIC  MISSION  AND  TYPE  SYMBOLS 
AIRCRAFT 

DESCRIPTION 

Aircraft  designed  to  search  out.  attack,  and  destroy  rnemy  land  or  sea  targets,  using 
conventional  or  special  weapons.  This  symbol  also  applies  to  aircraft  used  for  interdic- 
tion  and  close  air  support  missions.  ^ 

Aircraft  designed  for  bombing  enemy  targets. 

Aircraft  designed  primarily  for  carrying  personnel  or  cargo. 

Aircraft  equipped  with  electronic  devices  for  employment  in  one  or  more  of  the  follow- 
ing missions: 

(1)  Electronic  countermeasures. 

(2)  Airborne  caWy  warning  radar. 

(3)  Airborne  command  control  including  communications  relay. 

(4)  Tactical  d^ta  communications  link  for  all  nonautonomous  modes  of  flight. 

Aircraft  designed  to  intercept  and  destroy  other  aircraft  and/or  missiles  (includes 
multipurpose  aircraft  also  designed  for  ground  support  missions),  for  example,  inter- 
diction  and  close  air  support. 

Rotary-wing  aircraft  designed  with  the  capability  of  flight  in  any  plane,  for  example 
horizontal,  vertical,  or  diagonal.  * 

Aircraft  designed  for  in-flight  refueling  of  other  aircraft. 

Aircraft  design tfd  to  observe  (through  visual  or  other  means)  and  report  tactical 
information  concerning  composition  arid  disposition  of  enemy  forces,  trrops,  and 
supplies  in  an  active  combat  area. 

Long-range,  all-wcathcr,  multienginc  aircraR  operating  from  long  and/or  water  bases 
de.|:igned  for  independent  accomplishment  of:  antisubmarine  warfare;  maritime  recon- 
naissance; and  mining  function. 

Aircraft  designed  to  perform  reconnaissance  missions. 

Aircraft  designed  to  search  out,  detect,  identify,  attack,  and  destroy  enemy  subma- 
rines. 

Aircraft  designed  for  training  personnel  in  the  operation  of  aircraft  or  related  €<3ui|>- 
ment,  and  having  provisions  for  instructor  personnel. 

Aircraft  designed  with  a  capability  of  performing  multiple  missions  such  as  battlefield 
support,  localized  transport,  and  special  light  missions.  These  aircraft  will  include 
those  having  a  small  payload. 

Aircraft  de^i^ned  for  vertical  takeoff  or  landing  with  no  takeoff  or  landing  roll,  or 
aircraft  eapnbit  of  takeoff  and  landing  in  a  minimum  prescribed  distance. 

Aircraft  drsijjiu'd  for  testing  configm  »i  ion  of  5  radical  nature.  These  aircraft  arc  not 
normally  intended  for  use  as  tactical  uircrafl. 


'  Type  Symbols 


Note:    Above  you  will  find  the  most  common  titles  underlined. 
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Attachment  3 


CORRECT  RESPONSES  FOR  SECTION  I 


Frame  1 

Frame  9 

1.  F 

1.  d 

2.  T 

Frame  10 

Frame  2 

1.  a 

1.  F 

Frame  11 

Frame  3 

1.  F 

!•  F 

Frame  12 

Frame  4 

a 

No  response 

c 

Frame  5 

b 

1.  a 

f 

2.  c 

e 

Frame  6 

d 

!•  b 

Frame  13 

1.  c 

a 

3.  T 

c 

Frame  7 

b 

2.  b 

e 

3.  T 

d 

Frame  8 

1.  F 
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SECTION  II 
AIRCRAFT  STATION  NUMBERING  SYSTEM 


Frame  1 


This  part  of  the  lesson  will  be  spent  on  the  station  numbering  system. 

Military  aircraft  have  become  so  large  and  have  so  much  equipment 
that  it  has  become  necessary  to  make  a  system  for  locating  the  various 
units.    No  doubt,  you  are  familiar  with  the  way  most  cities  are  laid 
out  with  two  dividing  streets  intersecting  each  oCher  ar  right  angles 
in  the  heart  of  the  city.    Any  point  in  the  city  can  be  located  with 
reference  r.o  these  two  lines.    The  same  principle  is  used  in  locating 
parts  ot  an  aircraft  except  that  a  third  reference  line  is  needed  because 
the  aircraft  has  three  dimensions,  namely,  length,  width,  and  height. 
Diagrams  of  the  station  numbering  system,  as  well  as  the  terms  used  in 
the  system,  are  shown  and  defined  in  the  following  frames. 


On  the  response  sheet  write  the  correct  answer  for  the  following. 
The  purpose  of  the  station  number  system  is  to: 

aid  in  the  location  of  various  parts  or  units, 
aid  in  the  use  of  the  data  collection  system, 
be  used  in  the  number  sequencing  of  aircraft, 
aid  in  the  identification  of  types  of  aircraft. 


a. 
b. 
c. 
d. 
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Frame  1  (cont) 


ILLUSTRATION  FOR  FRAME  1 


lil-IOOY  iUTTOCK  IINC.  DISTANCC  IH  A  H0Rl20NTAt  ftANC 

MCASURCD  FROM  THC  VCRTlClC  ^  Of  THC  AlRftANC  ICOY 

IN  CtTHCR  DIRCCTION 
Wl-WATCR  ttNC.  DISTANCC  MCASURCD  AlOVI  A  HORIZONTAL 

DATUM  WITH  TdC  lOTTOM  Of  THC  lODY  ICTWCCN  lODV 

STATIONS  3«f  AND  IIIS  AS  Wl  100 


IS-IODY  STATION.  DISTANCC  FROM  A  fOiNT  57  INCHIS  FOR- 
WARD OF  THC  NOSC  TO  A  fiANt  »CR f C ND IC Ul A R  TO  THE 
lODV  ^  IN  INCHCS 


AlRflANf  (  AND  ftODY 
IUTTOCK  IINC  0 


Airplane  Station  Nomenclature  Diagram 
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I 

Frame  2 


Body  stations  (BS)  are  distances  measured  in  inches  from  a  point 
forward  of  the  nose  (STA  0)  aft  along  the  fuselage  to  the  tail  of  the 
aircraft.  These  stations  are  planes  cutting  through  the  fuselage  at 
right  angles,  which  are  then  numbered.  The  number  of  a  station  tolls 
how  many  inches  it  is  from  station  0.  The  station  0  being  forward  of 
the  nose  allows  for  aircraft  to  be  lengthened  without  changing  the 
station  numbering  system. 


ERLC 
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Frame  2  (cont) 


On  the  response  sheet  mark  the  correct  answer  for  the  following. 

1*     Distances  from  a  point  forward  of  the  nose  of  an  aircraft  aft  along 
the  fuselage  to  the  tail,  are  called 

a.      water  lines  (WSs), 

body  buttock  lines  (BBLs). 
c,      body  stations  (BSs). 
d«      reference  datum  lines  (RDLs). 

2.      Body  station  number  180  means  that 

a.  station  is  180  inches  from  previous  station. 

b.  station  is  180  inches  from  tail  section  of  the  aircraft, 

c.  station  is  180  inches  from  station  "0/' 

d.  180  is  just  any  number  assigned  with  no  additional  meaning. 
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Frame  3 


Body  buttock  lines  (BBLs)  are  distances  measured  in  inches,  right 
and  left  from  the  vertical  center line  of  the  fuselage.    These  lines 
run  parallel  to  the  vertical  centerline  and  are  numbered  just  as 
fuselage  body  stations  are  numbered.    Those  on  the  Isft  of  the  center- 
line  are  indicated  by  the  letter  "L"  and  those  on  the  right  b/  the 
letter  "R." 


il  401 


Body  Buttock  Lines. 
On  the  response  sheet  write  the  correct  answers  for  the  questions  below. 


1.  Body  buttork  lines  a^'a  measured  in  inches  fore  and  aft  of 
the  horizontal  cenCerline  of  the  aircraft. 

2.  BBL  40L  means  that  this  body  buttock  line  is  located  on 
the  left  side  or  the  fuselage  and  is  40  inches  long. 

3.  BBL  40R  means  that  this  body  buttock  line  is  located  on 
the  right  side  of  the  fuselage  and  is  located  40  inches 
from  the  vertical  centerline. 
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Frame  4 


L-WATER 
?FUNE  200 


too 


0  WATER  LINE 


One  more  reference  line  is  needed  to  ft    the  location  of  a  unit, 
This  line  starts  somewhere  below  the  lowest  part  of  the  fuselage. 
Horizontal  parallel  lines  are  drawn  upward  from  this  point  and 
numbered.    The  numbers  tell  how  many  inches  the  lines  are  above  this 
lowest  point.    These  are  called  water  lines  (WLs). 

Circle  the  correct  response  to  the  following  statement. 

Water  lines  are  distances  measured  in  inches  from  a  point 

a.  parallel  to  the  vertical  centerllne. 

b.  below  the  lowest  part  of  the  fuselage. 

c.  to  the  right  of  the  vertical  centerline. 

d.  forward  of  the  nose. 


ERIC 
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Frame  5 


Frame  5 


Using  the  above  illustrations,  write  the  designated  numbers  next 
to  the  correct  nomenclature  listed  below.    More  than  one  number  may 
be  used  for  each  nomenclature. 


a.  Body  stations  (BS) 

b.  Body  buttock  lines  (BBL) , 

c.  Water  line  (WL) . 


Note:     If  you  missed  any  of  the  above  questions,  DO  NOT  GO  ANY 
FURTHER  in  this  text.    Review  frames  1  through  4  in  Section  II, 
until  you  understand  the  information  and  can  answer  the  above 
questions  correctly. 

When  finishing  frames  1  through  5  in  Section  II  go  on  to  Section  III, 
Frame  1. 


27 

340 


CORRECT  RESPONSES  FOR  SECTION  II 


Frame  1 
a 

Frame  2 

1.  c 

2.  c 
Frame  3 

1.  F 

2.  F 

3.  T 
Frame  4 
b 

Frame  5 

a.  1  &  3 

b.  5 

c.  2,  4,  &  6 
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SECTION  ill 
MAJOR  AIRCRAFT  SYSTEMS 


Frame  1 

In  this  section  we  will  cover  major  aircraft  systems  such  as; 
propulsion,  pneumatic  system,  fuel,  pneudraulic  (hydraulic),  and 
electrical  systems.    These  systems  should  be  operational  if  an  aircraft 
is  to  make  a  safe  flight. 


ERIC 
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Frame  2 

The  propulsion  (engine)  system  provides  power  (thrust)  to  get  the 
aircraft  moving  and  keep  It  airborne. 

The  engine  may  also  drive 

*  alternator(s) 

*  generator(s) 

*  hydraulic  pump(s) 

and  provide  pneumatic  air  power. 

The  two  types  of  engines  most  commonly  used  on  today aircraft 
are  the  reciprocating  (piston)  and  the  jet  engine. 

On  the  response  sheet  place  "T"  for  true  or  "F"  for  false  for  the 
following. 

  !•      The  two  types  of  propulsion  systems  most  commonly  used  on 

today's  aircraft  are  reciprocating  and  piston. 

  2.      The  propulsion  system  provides  the  power  to  get  the  aircraft 

airborne. 

  3.      Alternators  and  generators  may  be  driven  by  the  engine. 


343 

30 


Frame  3 


Many  military  jet  aircraft  use  a  pneumatic  system  (air  power) 
to  drive  air  turbine  motors  to  operate  the  hydraulic  pumps,  generators, 
alternators,  and  also  supply  air  for  the  air  conditioning  system  and 
much  more. 


This  air  comes  from  the  compressor  section  in  the  jet  engine. 
This  compressor  has  two  purposes,  compress  air  for  engine  combustion 
and  also  to  supply  compressed  air,  or  engine  bleed  air  (EBA)  for  the 
pneumatic  system.    EM  air  comes  to  the  pneumatic  system  under  pressure 
and  high  temperature. 


On  the  response  sheet  write  the  correct  answer  for  the  following. 
1.      The  compressor  in  the  jet  engine 

a.  will  provide  combustion  for  the  jet  engine. 

b.  will  provide  compressed  air  for  the  engine  combustion  and 
supply  EBA  for  air  conditioning. 
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Frame  4 


The  fuel  system  provides  storage  for  large  quantities  of  fuel  and 
also  supplies  fuel  to  the  engine(s)  at  the  correct  pressure  and/or 
quantity.    Without  fuel  or  a  fuel  system,  the  propulsion  systems 
(engines)  are  not  going  to  operate.    T'^e  fuel  system  may  use  pneumatic 
air  from  a  jet  engine  and/or  electric  fuel  pumps  to  supply  fuel  to  the 
engines. 

On  the  response  sheet  place  "T'*  for  true  or  "F"  for  false  for  the 
following. 

  1.      The  fuel  systems  provide  the  storage  space  for  fuel  and  supply 

fuel  to  run  the  engines. 

  2.      A  powered  aircraft  can  make  a  sustained  flight  without  fuel 

or  a  fuel  system. 

  3.      Only  pneumatic  power  is  used  to  supply  fuel  to  the  engine(s). 


Frame  5 


The  aircraft  hydraulic  (Pneudraulic)  system  works  on  the  same 
principles  as  a  farm,  auto,  or  industrial  hydraulic  system.    Just  as  the 
modern  car  has  power  steering,  so  have  most  of  today *s  modern  aircraft. 
The  hydraulic  system  provides  the  pilot  with  power  steering  on  the 
landing  gear  for  maneuvering  and  braking  on  the  ground.    It  also 
provides  power  for  controlling  the  flight  control  surfaces  (elevators, 
rudder,  ailerons,  etc.)  while  in  flight. 

There  are  many  other  iteins  t^at  depend  on  the  hydraulic  system. 
Some  of  these  systems  are  the  cargo  door(s),  inflight  refueling  boom, 
flight  control  surface(s),  brake(s),  etc.    You  will  come  in  contact 
with  most  of  these  systems  on  the  flight  line. 

On  the  response  sheet  write  the  correct  answer  for  the  following. 

1.  Moving  flight  control  surface(s)  is  primarily  done  with 

a.  hydraulic  pressure. 

b.  electricity. 

2.  Steering  the  aircraft  and  braking  the  aircraft  on  the  ground  is 
primarily  done  with 

a.  hydraulic  pressure. 

b.  electricity. 
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Frame  6 


Most  of  today's  modern  aircraft  electrical  power  is  alternating 
current  (AC)  and/or  direct  current  (DC).    This  power  can  be  supplied 
by  the  alternator (s) ,  generator (s ) ,  and  batteries.    These  sources  of 
power  supply  power  for  the  aircraft  lighting,  electrical,  instrument(g) , 
electronic  system(s),  etc. 

On  the  response  sheet  write  the  correct  answers  for  the  following. 
1.     Most  of  today's  aircraft  electrical  power  is  supplied  by 

a«      only  DC  power  source(8). 

b.  only  AC  power  source(s). 

c.  both  AC  and  DC  power  sources. 

When  you  have  finished  correctly  SECTION  I,  II,  and  III  see  your  instructor 
and  request  the  test  on  these  three  sections t    If  you  have  any  questions 
on  any  part  of  these  three  sections  see  your  instructor  before  you 
request  the  test. 
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CORRECT  RESPONSES  FOR  SECTION  III 


Frame  1 

No  response 

Frame  2 

1.  F 

2.  T 

3.  T 
Frame  3 
1.  b 
Frame  4 

1.  T 

2.  F 

3.  F 
Frame  5 

1.  a 

2.  a 
Frame  6 
1.  c 
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Environmen ta L/Pneudrau lies  Branch 
Chanute  AFB»  ILllnolc 


SERVICE  TEST 
C3ABR42331-H0-105 
L9  June  1984 


SAFETY 


REFERENCES: 


AFRs  69-8,  92-1,  and  161-35 

AFOSH  STANDARDS  127-9,  127-12,  127-31,  and  127-66 
TECH  ORDERS  OO-UOA-l,  1-1  A- 14,  15X-1-1,  and 
Applicable  Aircraft  Manuals 


Various  hazards  are  encountered  in  aircraft  maintenance  due  to  the 
nature  of  the  work.    If  you  cannot  Identify  the  hazards,  or  If  you  choose  to 
Ignore  the  safety  precautions  that  must  be  taken,  you  will  be  putting  your 
life,  and  possibly  the  lives  of  ycur  co-workers  Into  jeopardy. 

WEARING  OF  JEWELRY  -  Jewelry  usually  means,  but  Is  not  limited  to, 
rings,  watches,  bracelets,  necklaces,  earrings,  and  metal  rimmed  glasses. 
The  wearing  of  jewelry  while  performing  maintenance  can  result  In  serious 
injuries  such  as  loss  of  limb  or  electrical  shock  and  burns.    From  this  day 
forward,  make  It  a  habit  of  removing  all  jewelry  before  performing  any  kind 
of  maintenance*. 

EYE  HAZARDS  -  Eye  h&sard  areas  are  those  operations  that  could  result 
In  Impact  from  flying  particles,  workers  striking  stationary  objects,  and 
exposure  to  bright  light  sources.    Examples  of  eye  hazards  Include: 
splashes  or  mists  from  cleaning  solvents,  degreasers,  corrosive  or  toxic 
chemicals,  or  other  liquids;  particles  of  metal  from  filing  or  grinding; 
dust  or  dirt  blown  by  air  hoses;  and  exposure  to  a  welding  arc.    You  must 
wear  authorized  eye  protection  when  working  In  such  areas  to  avoid  serious 
eye  Injuries  and  blindness. 

NOISE  HAZARDS  -  The  noise  created  by  operating  aircraft  engines, 
ground  power  equipment,  and  power  tools  can  harm  people  In  many  ways.  The 
effects  of  noise  Include  the  loss  of  sleep,  loss  of  hearing.  Interference 
with  speech  communication,  and  stress  reactions  which  could  have  long  term 
health  results. 

There  are  three  things  about  hazardous  noise  that  you  should  know: 
(1)  Repeated  unprotected  exposure  can  cause  permanent  loss  of  hearing.  The 
loss  Is  very  gradual  and  Is  not  obvious  until  It  Is  toc  late.    Loss  of 
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hearing  cannot  be  corrected  by  any  known  medical  or  surgical  treatment; 

(2)  You  can  tell  if  hazardous  noise  exists  by  following  a  general  rule;  "If 
you  have  to  shout  at  3  feet  to  be  understood,  you  are  in  hazardous  noise/' 

(3)  Permanent  hearing  loss  can  be  prevented  by  wearing  authorized  ear  plugs 
or  ear  muffs  when  working  in  hazardous  noise  areas.  The  best  protection  by 
far  is  to  wear  them  both  at  the  same  time. 

COMPRESSED  AIR  -  Misuse  of  compressed  air,  even  at  very  low  pressure 
of  10  to  15  psi,  have  caused  serious  injury  to  workers  by  blowing  foreign 
particles  or  liquids  into  the  eyes  and  ears.    In  some  insUnces  where  the 
velocity  of  the  air  was  very  high  it  cut  through  the  skin.    When  working 
with  compressed  air,  eye  protection  must  be  worn.    In  addition,  you  should 
not  use  it  to  blow  dirt  off  clothes,  never  use  a  pressure  greater  than 
30  psi  to  clean  parts,  and  never  use  it  in  horseplay. 

CORROSIVE  AND/OR  TOXIC  CHEMICALS  •  Direct  contact  with  corrosive 
chemicals  can  cause  skin  irritations  (rash)  or  severe  burns.    The  handling 
of  corrosive  chemicals  requires  the  use  of  protective  clothing  such  as  a 
face  mask,  a  rubber  apron  and  gloves. 

Direct  contact  with,  or  the  inhaling  of  fumes  or  vapors  created  by 
toxic  chemicals  may  cause  anemia,  internal  organ  damage  and  even  death.  The 
handling  of  toxic  agents  requires  the  use  of  protective  clothing  and 
adequate  ventilation  to  remove  fumes  and  vapors. 

ELECTFwICAL  HAZARDS  -  Aircraft  and  test  equipment  work  on  a  variety  of 
voltages  and  currents.    Needless  to  say,  any  accidental  contact  with  an 
energized  circuit  could  really  light  up  your  life.    Repeated  exposure  to  low 
level  shock  may  cause  bursitis,  contraction  or  dilation  in  the  walls  of  the 
blood  vessels,  and  muscle  dairage.    To  avoid  these  hazards  you  must  remove 
all  jewelry  before  working  on  or  near  energized  equipment  and  follow  the 
instructions  contained  in  Maintenance  manuals.    Remember,  the  proper 
attitude  to  have  toward  electricity  is  "don't  fear  it  -  understand  and 
respect  it." 

IMPROPER  LIFTING  -  Hernias,  back  strains,  crushed  hands  and  feet  and 
broken  bones  may  result  from  an  Improper  lifting  technique.    An  improper 
lifting  technique  is  one  in  which  a  person  bends  over  and  uses  the  back 
muscles  as  the  lifting  force.    On  the  other  hand,  the  proper  technique 
requires  that  a  person  lifts  from  a  squatting  position  with  the  back 
straight.    In  this  way  the  stronger  leg  muscles  provide  the  lifting  force. 

MAINTENANCE  STANDS  -  Falling  off  stands  can  cause  serious  injury  or 
death.    Some  precautions  to  follow  include? 

•  Inspect  the  stand  for  defects  before  use. 

•  Keep  steps,  ladders,  and  platforms  grease  and  oil  free. 
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•  Position  the  stand  close  to  the  work  so  that  the  stand  does  no 
shift  out  from  under  you. 

•  Install  or  engage  safety  locks  on  lifting  devices  so  that  they 
will  not  collapse. 

•  Engage  wheel  locks  before  going  up  so  that  the.  stand  does  not 
shift  out  from  under  you. 

•  Install  guardrails  where  location  and  aircraft  configuration 
permit  so  that  you  won't  fall  off. 

•  Do  not  sit  or  stand  on  railings  to  perform  work. 

AIRCRAFT  ENGINES  -  Besides  creating  a  noise  hazard,  operating 
aircraft  engines  creates  some  very  dangerous  (but  invisible)  situations.  One 
such  situation  is  working  around  a  propeller  driven  aircraft  when  the 
propeller  is  turning.    Since  the  propeller  is  nearly  invisible  when  it 
turns,  not  paying  attention  to  where  you  are  walking  here  could  really  ruin 
your  day.    To  make  them  more  visible,  the  tips  of  the  propellers  are  painted 
yellow.    In  addition,  a  "red"  stripe  painted  on  the  side  of  the  fuselage 
shows  the  propellers  "plane  of  rotation." 

A  jet  engine  also  has  its  danger  areas.    Since  these  engines  have  a 
huge  appetite  for  air,  anything  or  anyone  that  comes  within  range  of  the 
intake  *lll  be  sucked  up  into  the  engine.    As  a  general  rule,  you  should  not 
coae  within  25  feet  of  the  front  of  the  intake  or  within  5  feet  of  the  side 
or  rear  of  the  intake.    The  safe  distance  to  the  rear  of  the  exhaust  is  even 
greater,  generally,  at  least  200  feet  on  foot  or  in  a  vehicle.    The  reason 
for  this  is  that  the  temperature  of  the  exhaust  air  can  be  around 
500  degrees  F  and  its  velocity  over  100  mph  at  a  distance  of  100  feet. 

AIRCRAFT  RADAR  -  Radar  emits  waves  of  high  frequency  electromagnetic 
radiation.    These  radar  waves  are  like  those  found  in  a  microwave  oven. 
Exposure  to  these  waves  can  cause  eye  cataracts,  organ  damage  and  sterility. 
Since  radar  units  may  be  located  almost  anywhere  on  an  aircraft,  you  must 
check  the  applicable  aircraft  manual  for  danger  areas  and  minimum  safe 
distances. 


NUCLEAR  RADIATION  -  There  are  a  number  of  ways  in  which  an  aircraft 
could  become  contaminated.    Normally  a  contaminated  aircraft  would  be 
decontaminated  before  you  would  be  allowed  to  work  on  it.    In  the  unlikely 
event  that  you  would  be  required  to  work  on  or  near  a  contaminated  aircraft 
there  are  a  few  things  that  you  should  know.  One  of  which  is  the  three  types 
of  radioactive  fallout  that  can  endanger  your  health. 

'ALPHA'  radiation  consists  of  small  particles  of  matter  that  travel 
only  a  few  inches  from  the  source.     It  is  a  hazard  only  if  it  is  permitted 
to  get  into  the  body  by  ingestion  (eating  or  drinking  contaminated  food), 
Inhalation,  or  through  an  unprotected  break  in  the  skin.    'BETA'  radiation 
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consists  o£  minute  particles  of  matter  and  travels  about  30  feet  from  the 
source*    It  is  normally  a  harard  only  if  it  is  permitted  to  get  into  the 
body,  but  extreme  doses  can  cause  reddening  of  the  skin.    ^GAHMA^  radiation 
is  not  particulate  but  is  electromagnetic  radiation.    It  is  highly 
penetrative  and  may  travel  great  distances.    Nausea  is  an  early  symptom  to 
overexposure.    Loss  of  hair  and  forms  of  cancer. 

When  working  in  the  contaminated  area  you  should:    (1)  Work  only  under 
the  supervision  of  medical  personnel  and  a  monitoring  team;  (2)  Wear  a 
^Dosimeter^  (film  badge)  which  will  be  used  to  measure  the  amount  of  gamma 
radiation;  and  (3)  Hever  smoke  or  consume  food  or  drink  in  a  contaminated 
area  to  avoid  ingestion  of  alpha  or  beta  particles. 

After  leaving  the  contaminated  area  you  should:    (l)  Turn  in  the 
dosimeter  for  evaluation;  and  (2)  Shower  and  change  clothes  to  get  rid  of 
alpha  and  beta  particles. 

WORKING  WITH  OXYGEN  -  Working  on  aircraft  oxygen  systems  is  a  common 
task  for  environmental  systems  specialists.    It  is  a  relatively  safe  task  as 
long  as  you  keep  certain  facts  in  mind. 

First  of  all,  oxygen  itself  doe^  not  bum  but  it  does  support 
combustion.    You  must  keep  sparks,  oil  and  grease  away  from  oxygen  system 
components.    Second,  don^t  smoke  after  working  in  an  oxygen  concentrated 
area  for  at  least  30  minutes  because  the  oxygen  becomes  trapped  in  your 
clothing.    If  you  were  to  light  a  match  before  your  clothes  had  a  chance  to 
air  out,  your  clothes  could  ignite,  third,  liquid  oxygen  (LOX)  has  a  boiling 
point  of  -297  degrees  F.    Direct  contact  with  LOX  will  ^*esult  in  severe 
frostbite  and  burns.    Whenever  you  service  with  LOX  you  must  wear  authorized 
protective  clothing  such  as  a  face  mask,  apron,  gloves,  and  coveralls  to 
protect  yourself  from  leaks  or  sprays.    Finally,  high  pressure  oxygen 
cylinders  must  be  handled  with  care.    Damaging  a  cylinder  head  can  cause  the 
cylinder  to  rocket  like  a  torpedo. 

GENERAL  MAINTENANCE 

Safety  Pins  -  With  RED  "remove  before  flight"  streamers  must  be 
installed  as  required  before  performing  maintenance  areas  where  safety  pins 
will  be  installed  are:  (1)  Landing  Gear  -  To  prevent  the  collapsing  or 
accidental  raising  of  the  g^ar;  (2)  Door  Actuators  -  To  prevent  fast  acting 
doors  from  crushing  you;  and  (3)  Canopy  and  Ejection  Seat  Triggers  -  The 
seats  are  capable  of  hurling  300  pounds  at  an  initial  rate  of  60  feet  per 
second. 

Buttons,  Switches  or  Levers  -  When  you  must  work  in  the  cockpit  area, 
respect  your  lack  of  knowledge  of  other  systems.    Also,  be  wary  of  flipping 
switches,  pushing  buttons,  and  moving  levers  which  could  cause  drop  tanks  to 
fall,  a  drag  chute  door  or  speed  brake  surfaces  to  open,  or  a  bomb  bay  door 
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to  close  on  someone  and  shear  him  In  half.    Usually,  a  sign  will  be 
displayed  if  an  out-of<-the-ordinary  hazardous  condition  exists  in  which 
someone  might  be  injured* 

Bleed  Air  Ducts  -  When  working  on  or  near  ducts,  always  remember, 
they  can  be  as  hot  as  1200  degrees  F,  and  have  a  pressure  of  1000  psi. 

Working  on  the  Ramp  -  (or  Flight  Line)  -  Wear  reflective  equipment 
at  night  so  aircraft  and  other  vehicles  can  see  you.    Avoid  walking  into 
sharp  edges  such  as  wings,  doors^  antennae,  pitot  tubes,  running  aircraft, 
and  vehicles.    NEVER  sleep  on  the  ramp  on  the  flight  line,  or  anywhere  an 
aircraft  or  vehicles  could  run  you  over  at  night.    You  are  there  to  do  a 
job.    Get  your  sleep  when  you  are  off  duty. 

Soldering  Bums  and  T/Xic  Fumes  -  Position  yourself  so  as  to  not 
directly  inhale  fumes/vapors.    Always  use  eye  protection  to  protect 
yourself  from  splatter. 

Tripping  Hazards  -  Remove  hazardous  objects  from  the  work  area, 
floors,  walkways  and  doorways.    Rugs  and  mats  should  be  kept  smooth  to 
prevent  tripping. 

Keep  Area  Clean  -  When  your  work  is  completed,  clean  your  area  up. 
floors  will  be  kept  dry,  especially  those  that  are  waxed  or  polished  or 
covered  with  linoleum. 

Cabinet  Doors  and  Drawers  •  Should  not  be  left  open  as  they  usually 
protrude  into  the  walking  area  when  open.    These  areas  require  constant 
attention  as  they  could  cause  head  and  tripping  injuries. 

Storing  Heavy  Items  •  Should  be  stored  on  bottom  shelves  to  lessen 
Lifting  or  dropping  hazards. 


Fires  are  prevented  when  anyone  of  these  three  parts  are  eliminated. 
Classes  of  Fire 

Class  (A)  -  wood,  paper,  rags  etc.    This  type  of  fire  will  be 
extinguished  by  water,  CO2,  or  dry  chemical  agents. 

Class  (B)  -  Flammable  liquids  such  as  gasoline,  oil  and  paint.  This 
type  of  fire  will  be  extinguished  with  CO29  or  dry  chemical  agents. 


Fire  Triangle 
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Class  (C)  -  Electrical  Fires.    Elect-ical  shorts  in  wires,  motors,  and 
generators  produce  heat  which  cause  combustible  materials  in  these 
electrical  units  to  burn^    Electrical  fires  must  be  extinguished  with 
nonconducting  smothering  agents  such  as  dry  chemicals.    Do  Not  use  water 
on  electrical  fires  as  water  conducts  electricity  and  you  could  receive  a 
severe  or  fatal  shock. 

Class  (D)  -  Burning  metals  such  as  magnesium  and  titanium.    This  type 
of  fire  will  be  extinguished  with  dry  chemical  agents. 

Housekeeping  Procedurea 

Trash  will  not  be  stored  under  stairs.;  in  attics,  or  under  floors  in 
buildings. 

Rags  will  be  stored  in  separate  metal  containers  with  tight  fitting 
metal  lids  and  marked  ''clean"  and  "dirty. '* 

Oil-Saturated  Rags  -  Will  be  stored  separately  from  clean  and  dirty 
rag3  in  self-closing,  metal  containers,  (example:  butt  cans),  plainly 
marked  with  the  name  of  the  contents.    At  the  end  of  the  day  or  shift  they 
must  be  removed  to  a  safe  location  outside  the  shop  for  scheduled  pickup. 

Mops  and  Brooms  -  Will  be  hung  on  a  rack  with  the  head  at  least  six 
(6)  inches  from  the  floor. 


Steel  Wool  -  will  be  placed  in  metal  containers  with  tight  fitting 
lids.    Steel  wool  when  rubbed  together  will  cause  sparks  which  could  cause  a 
fire. 


Trash  Receptacles  -  Only  metal  receptacles  will  be  used  in 
facilities. 

Cigarette  Butts  and  Burned  Matches  -  Smoke  ONLY  in  designated  areas. 
Place  cigarette  butts  and  burned  matches  in  special  "butt  cans"  and  NOT  in 
trash  cans. 

Flammable  Liquids  -  Are  stored  in  closed  metal  containers  in 
designated  OUTSIDE  areas.    Spilled  flammable  liquids  will  be  cleaned  up 
immediately  with  noncombustible  absorbants  such  as  sand.    Never  flush  into 
the  plumbing  system  or  into  floor  drains.    Do  Not  use  gasoline,  naptha, 
lacquer,  paint  thinner,  and/or  alcohol  to  clean  floors.    Do  Not  store 
flammable  If quids  in  open  containers  near  electrical  equipment.  The 
equipment  can  spark  and  could  start  a  fire. 
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OBJECTIVES 


1.  Specify  the  result  that  would  occur  from  a  change  in  pressure 

and  te&peratur€  on  gases  with  a  mlnlmim  of  80Z  accuracy* 

* 

2.  Specify  the  result  that  would  occur  from  a  change  in  atmospheric 
conditions  on  pressure,  temperature,  and  humidity  with  a  minimum  of  80% 
accuracy/ 

INTRODUCTION 

In  this  programmed  text  you  will  become  acquainted  with  the  subjects 
listed  in  the  "Objectives."    When  you  have  completed  the  text,  return 
to  the  list  of  objectives  and  see  if  you  have  accomplished  them.    You  will 
be  questioned  on  the  contents  of  this  text  and  you  will  be  graded  according 
to  the  extent  you  have  achieved  the  objectives. 

It  is  essential  for  anyone  becoming  an  Aircraft  Environmental  Systems 
Specialist  to  understand  some  of  the  principles  upon  which  our  systems 
are  designed  to  operate.    Knowledge  of  certain  facts  will  enable  you  to 
troubleshoot  problems  when  they  arise  and  help  you  develop  an  insight 
into  related  problems  and  lead  you  to  their  solutions.    Please  read 
the  information  presented  in  each  small  "frame,"  think  about  it,  and 
write  your  answer.    Check  your  answer  on  the  next  even  numbered  page. 
If  you  were  incorrect,  read  the  frame  again  to  see  what  caused  you  to 
misunderstand.    After  you  are  sure  of  the  information,  move  oa  to  the  next 
Zrame. 


Supersedes  3ABR42331-PT-106,  20  July  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION  X 

3370  TCHTG/TTGU-P  -  500;    DAV  -  1 
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Frame  1 

\ 

We  find  that  the  entire  eartli  is  composed  of  matter  and  energy. 
Energy  will  be  discussed  in  detail  in  another  programmed  text  so  we 
will  discuss  only  "matter."    Matter  is  ANYTHING  that  HAS  WEIGHT  and 
OCCUPIES  SPACE.    Matter  ifs  found  in  three  physical  states,  solid, 
liquid,  or  gas.    You  are  already  familiar  with  "solids"  such  as  stone, 
iron,  steel,  trees,  paper,  and  many  others. 

From  the  list  below,  select  those  things  that  are  in  their  SOLID 


state  at 

room  temperature. 

a. 

water 

b. 

copper 

c. 

wood 

d. 

iron 

e. 

oxygen 

f . 

helium 

8* 

books 

h. 

paper 
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CORRECT  RESPONSE  TO  FRAME  1:    b,  c,  d,  g,  h 
Frame  2 

Liquid  docs  not  have  a  definite  shape  aa  solids  do,  but  tends  to 
take  on  the  shape  of  the  container  it  is  in.  Examples  of  liquids  are 
va ter ,  gasoline,  oil ,  et c • 

From  this  list  of  materials  put  an  "S"  in  front  of  the  matter  that 
is  in  its  solid  state  and  an  "L"  in  front  of  those  that  are  in  the  liquid 
state« 

a,    water 

b ,    wood 

c,    plastic 

d,   ^  gasoline 

e,    kerosene 

^  •  concrete 
g.    paper 
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Frame  3 


Solids  have  a  definite  shape,  liquids  seek  their  own  level  and 
take  on  the  shape  of  their  container.    GASES  also  assume  the  shape  of 
the  container  in  which  they  are  confined,  but  they  can  be  squeezed 
down  to  fit  into  a  smaller  container  or  simply  allowed  to  float  away. 
Examples  of  gaseous  substances  are  steam,  oxygen,  and  hydrogen.  Some 
of  these  are  also  invisible. 

In  the  list  below,  indicate  the  solids  by  placing  an  S  in  front 
of  the  materials  that  are  solids,  an  L  for  the  liquids,  and  a  G  for 
the  items  that  are  normally  found  in  their  gaseous  state. 


a. 

 sand 

h. 

water 

b. 

carbon  monoxide 

i. 

salt 

c. 

gasoline 

j. 

diamonds 

d. 

milk 

k. 

air 

e. 

steam 

1- 

plywood 

f. 

cement  (dry) 

m. 

oxygen 

g* 

helium 

n. 

oil 
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CORRECT  RESPONSES  TO  FRAME  2:    a.  _L_,  b.  _S_,  c.  _S_,  d.  _L_,  e.  L_ 

g.  S 

CORRECT  RESPONSES  TO  FRAME  3:    a.  b.  _G_,  c.  _L_,  d.  _L_,  e.  _G_ 

f.  _S_,  g.  G  ,  h.  _L_,  i.  _§_,  j.  _S_ 
k.    G  .  1.    S  .  m.  _G_,  n.  L 

Frame  4 

^^^^^^^'^  ^8  ^'iy  be  used  throughout  this  study  of  physics  and 
throughout  your  tour  as  a  spiHalist.    We  wilTfakliarizeTu 
them  as  we  go.    WRen  we  s|eak  ojP  matter-We  ginerSy  refer 
amount  of  matter  in  tljis  manner^  "the  MaTs  o^  gold  in  a  b^c^t  1^ 
lL*r-*      Naturally  we  are  referring  t^how  mucfi  'is'in  Ihe  buckiTvr 
^  express  that  quantitFin  terns  of  "^^t.^Then.  'the-^ss  of  ^ 

ggMet"is4lltf'o-|e."  H  i^m^^-^^ose  a-^oS^th^ 
thf ^  "'^Sen.    Letlswyits  mass  is  Tlbr.    If  we  Tlose/ 

S!«         K  —  Sis'  i^to  tB  buc"ketT  thT" 

Sfn  IrJhf-!  10  lbs  oT^ai^e  maie.    Whifhas  hap^enTd 

th|n  i^  tM?  -  bj:  squeezing  tjie  oxygen  we  have  moj^  tg^oxygen's  ^ 
molecules  closer  together  so-^^^re  of  thST  will  flTinJf  thfJuck^t  C 
We  have  increased  the  DENSITY  5f  th^  o^^en.-^It-^can  ht  seen  t^^ 
that  the  oxygen  will  be  heavier.    Mass  a?d  Density  are  botrm^asire- 
n>ents  of  quantity  but  the  mass  is  expressed  as  weight.  Another 

^Xlell  tlll'll  it  :  ^  IZ'"'  -  Se'aci^TUund. 

^ea  oHoro^fK  "'^^  °"        ^^'^       ground.  Which 

in  tlrll     \  greatest  density?    The  acre  with  800  trees 

is  8  times  as  dense  as  the  acre  having  only  100  trees.    They  are 
packed  closer  together. 

This  statement  describes  DENSITY  very  well. 

"The  amount  of  mass  in  a  given  space." 

True  or  False? 
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Frame  5 

The  term  "FORCE"  applies  to  the  total  push  or  pull  on  matter. 
Example:    If  a  tank  is  filled  with  water  and  that  water  weighs  XOO 
lbs.  it  is  pushing  down  on  the  bottom  of  the  tank  with  a  FORCE  of 
100  lbs.    The  total  force  on  the  bottom  of  the  tank  is  100  lbs. 

Underline  the  correct  answers  for  each  of  the  statements  below. 

a.  500  lbs  of  cement  pushes  down  on  the  earth  with  a  total 
force  of  500  pounds.     (True)  (False) 

b.  "Total  push  or  pull  on  matter"  is  the  definition  of  1.  mass 
2.  density  3.  force. 
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CORRECT  RESPONSES  TO  FRAME  4:  True. 
CORRECT  RESPONSES  TO  FI^E  5:    True,  Force. 


Frame  6  !  ; 

PRESSURE  is  a  term  that  you  have  heard  many  times.    It  is  used 
when  we  wish  to  express  the  force  applied  to  a  given  area  is 
measured  in  pounds  per  square  inch  (psi).    Example;    A  tank  having 
100  lbs  of  water  has  a  total  force  cn  its  bottom  of  100  lbs*    But  - 
if  the  tank's  bottom  area  is  100  inches  square,  then  it  will  have  a 
PRESSURE  of  1  pound  per  square  inch.    Since  the  pressure  is  one 
pound  per  square  inch,  and  the  bottom  of  the  tank  Is  100  inches 
square,  the  total  force  is  100  pounds. 

Refer  to  the  illustration  below  and  answer  the  questions  that 
follow  by  underlining  the  correct  answer. 


10  SQUAR'- 
INCHES 


a.  Total  (Force)  (Pressure)  on  the  bottom  of  the  tank  is  100  lbs. 

b.  Area  of  the  bottom  of  the  tank  is  (10  inches)  (30  square  inches) 

c.  Pressure  in  this  tank  is  (100  lbs)  (100  psi)  (10  lbs)  (10  psi) 
(1000  lbs)  (1000  psi). 
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Frame  7 


^of^  '^^^''^  Column  A  with  the 

definitions  or  statements  in  Column  B  by  placing  the  letter  of 
the  term  next  to  the  definition  or  statement  it  matches 


Columg  A 
a.  pressure 
b •  liquid 
c  •  laatter 
d.  solid 

force 
f  •  gas 

density 


1, 

2. 

3. 
4, 
5. 
6. 


Column  B 

,  has  a  definite  shape. 

assumes  the  shape  of  its 
container. 

total  push  or  pull  on  matter. 

force  applied  to  a  given  area. 

amount  of  mass  in  a  given  area. 

can  be  compressed  (squeezed  down) 
to  fit  a  container. 


7. 


has  weight  and  occupies  space, 


3p 


CORRECT  RESPONSES  TO  FRAME  6: 


force  b.  10  square  inches 
10  psi 


CORRECT  RESPONSES  TO  FRAME  7 :    1 .    _d_    2 .    _b_    3 .  e 

5«    _8_    6.    _J_    7.  ^ 

Frame  8 


You  may  already  be  acquainted  with  the  term  VELOCITY.    It  is 
commonly  used  when  we  are  talking  about  the  speed  and  direction  of 
something.    Example:    If  we  are  talking  about  how  fast  a  bullet  is 
traveling  as  it  leaves  the  muzzle  of  a  rifle,  we  call  it  muzzle 
-"^^^"^^^y-    The  term  velocity  generally  includes  direction  as  well  , 


speed. 


per  nour,  feet  per 
nes.    For  Instance, 


NO 'RESPONSE  REQUIRED 
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Frame  9 


refe/tf  fip^nJiLf  ""''f  nearly  everyone  has  heard.    We  use  It  when  we 
refer  to  the  moisture  In  the  air.    You  will  hear  It  often  as  you 
continue  through  this  career  field. 

Write  the  correct  term  In  the  space  beside  Its  definition. 
Terms  are  In  the  left  colum  and  definitions  In  the  right  column. 


Humidity 

a* 

Velocity 

b. 

Density 

c. 

Solid 

d. 

Liquid 

e. 

Gas 

f. 

Matter 

can  be  compressed, 
has  a  definite  shape* 
^  speed  and  direction  of  an  object, 
has  weight  aiid  occupies  space, 
moisture  in  the  air. 
amount  of  mass  in  a  given  space « 
assumes  the  shape  of  its  container. 
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CORRECT  RESPONSES  TO  FRAME  9:    a.    Gas    b.    Soljd    c.    Velocity    d.  MfUter 

e.    Humidity  f.    Density      g.  Liquid 

I 

Frame  10 


Now  that  you  are  familiar  with  some  of  the  terms  used  in  our 
career  field,  we  will  go  on  to  some  of  the  subjects  with  which  they 
are  associated.    So  you  will  see  what  happens  to  a  gas  (air  for  example) 
as  it  passes  through  pipes  in  our  systems,  we  have  drawn  an  illustration 
below  that  shows  the  relationship  between  pressure  and  velocity.  As 
you  study  the  illustration,  keep  this  fact  in  mind  - 

IF  THE  SAME  AMOUNT  OF  AIR  LEAVES  A  PIPE  AS  ENTERS  IT,  PRESSURE 
WILL  BE  GREATEST  WHERE  THE  DIAMETER  IS  LARGEST  AND  VELOCITY  WILL  BE 
GREATEST  WHERE  THE  DIAMETER  IS  SMALLEST.    Look  at  the  illustration  as 
we  explain  this.    Notice  the  diameter  of  Point  A  is  the  same  as  the 
diameter  of  Point  C.     If  at  Point  A  the  Velocity  is  100  mph  it  will 
also  be  100  mph  at  Point  C.    BUT^  it  will  be  much  higher  (say  500  mph) 
at  Point  B.    Pressure  at  Points  A  and  C  is  100  psi  but  at  Point  B  is 
only  20  psi. 


AIRFLOW  ^  A  B  — ►  C 


As  proof  of  this  "p^^ssure-velocity"  relationship  hold  a  piece  of  peper 
as  shown  below  anu  blow  a  high  speed  stream  of  air  across  the  top  of 


Notice  that  as  the  velocity  of  air  increases  the  paper  moves 
upward  toward  iti  Does  this  look  like  the  pressure  is  high  where 
the  velocity  is  high?  NO  -  instead  a  low  pressure  area  occurs  where 
the  velocity  is  high  and  because  the  pressure  below  the  paper  is  high 
(and  the  velocity  is  zero),  the  high  pressure  air  belcw  rushes  up 
toward  the  low  pressure  area  above  the  paper  pushing  the  paper  UP 
with  it. 


NO  RESiWSE  REQUIRED 


ERLC 
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Frame  11 


Notice  that  in  the  illustrations  «elow  we  have  made  a  comparison 
between  the  pressures  and  velocities.  ' 


5  psl 
10  aph 


2  psl 
20  mh 


5  psl 

10  i^>h 


25  wph 
20  psl 


100  nph 
5  psl 


25  aph 
20  psl 


The  pressure  drops  as  the  velocity  of  the  air  increases  as  it  rushes 
through  the  narrow  part  of  the  pipe. 

n  .Inn?nr\K^  ^  squadron  of  airmen  in  formation  ALL  trying  to  get  through 
a  door  at  the  same  time.    IF  as  many  get  through  the  door  as  enter  it 
Without  anyone  stopping,  someone  is  going  to  have  to  run  through  that  door. 
The  velocity  (speed    has  increased.    The        here  is  that  as  mLy  leave 
|s  enter.    In  the  illustration  below,  write  the  word  "High"  o7~^;?^xt 
to  the  terms  Velocity  and  Pressure  according  to  what  it  should  be  at  that 


VEIOCITY 
PRESSURE 


VEIOCITY 
PRESSURE 


VEIOCITY^ 
PRESSURE 


////////////////////// 


13 

367 


CORRECT  RESPONSES  IX)  FRAME  11; 


VELOCITY  LOW  VELOCITY  HIGH 
PRESSURE  HIGH     PRESSURE  LOW 


VELOCITY  LOW 
PRESSURE  HIGH 


Frame  12 


Since  our  systems  deal  largely  with  air  and  its  velocity, 
temperature,  density,  volume,  and  pressure,  we  will  look  into  the 
relationship  between  them.    Changing  one  of  them  has  some  effect  on 
the  others. 

If  a  tank  is  filled  with  air  (a  gas),  the  cap  is  placed  on,  and 
then  the  tank  is  squeezed  down  to  where  its  volume  (volume  is  how 
much  it  can  normally  hold)  becomes  much  less,  what  will  happen? 

RiCht  -  the  density  of  the  air  increases  inside,  that  is,  all 
or  the  air  molecules  are  squeezed  closer  together  so  that  as  they 
move  around  more  and  more  of  them  strike  the. walls  of  the  tank.  As 
more  of  them  strike  the  tank  the  force  inside  becomes  greater  and 
greater  until  finally  -  POW,  the  tank  explodes  or  pops  its  seams. 

Underline  the  correct  answers  to  the  questions  or  statements 
below. 

ji-,  volume  of  a  tank  is  decreased,  the  pressure  inside 

will  (increase)  (decrease). 

b.      The  molecules  of  the  air  are  squeezed  together  if  the 
volume  of  the  tank  is  decreased.     (True)  (False). 
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Frame  13 


Have  you  noticed  how  HOT  a  compressor  becomes  as  the  air  is 
compressed  ard  forced  into  the  storage  tank?    If  the  air  is  compressed, 
the  density  increases.    All  of  the  loolecules  of  air  are  squeezed 
closer  together  and  more  of  them  strike  the  wall  of  the  tank.  They 
also  get  hot  from  rubbing  against  each  other  and  the  inside  wall  of 
the  tank.    These  things  happen  then  if  a  gas  (air)  is  coB?)re8sed. 

The  pressure  increases. 
The  temperature  increases. 
The  density  increases. 

See  the  difference  between  these  two  drawings. 


B 

There  are  12  molecules  of  gas  in  each  of  these  two  containers, 
but  something  has  happened. 

Underline  the  correct  word  in  the  statements  below. 

a.  Tank  A  has  the  (greater)  (smaller)  VOLUME. 

b.  Tank  A  has  the  (greater)  (least)  DENSITY. 

c.  Tank  B  has  the  (higher)  (lower)  TEMPERATURE. 

d.  Tank  B  has  the  (greatest)  (least)  PRESSURE. 

e.  The  walls  of  tank  "B"  are  being  struck  by  the  gas  molecules 
(most  often)  (least  often). 

f.  Friction  between  the  molecules  will  be  greater  in  tank  (A)  (B) . 


CORRKCT  RHSPONSKS  TO  KHAMl-:  12: 


a. 

increase 

h. 

Lrue 

a. 

greater 

b. 

least 

c. 

d. 

greatest 

e. 

most  often 

f. 

highe 
B 


Frame  14 


Looking  at  It  a  little  differently,  we  can  see  tbat  If  inateAH  nf 
compressing  the  gas  we  EXPAND  it.  soiae  Interesting  things^  pen 

^0??ED  ov"?  '  °'  -^•^l^"^^-    K-^H'ber  how  the  cylinder 

ovu  expanded,  the  gas  came  from  a  small  volume  in  the 

cylinder  to  a  large  volume  (the  outside  air  around  the  cySer) 

rS^fKir^ifS^^  h'LtJ^elsId  IT 

at  ^he  o!tLt  o?  pressure  and  temperature  have  dropped 

at  the  outlet  of  the  cylinder.    Low  pressure,  cold  temperature! 


ESCAPING  GAS 


HIGH-PRESSURE 
HIGH-DENSITY 
SMAU  VOLUME 


COID  O  Oo' 
lARGE  VOLUME 

LOW  PRESSURE 
LOW  DENSITY 


CYLINDER 
INCREASING  THE  VOLUME 


HOT 


that  fonow!*''  ^"^^^^  underline  the  correct  words  in  the  statements 

As  the  volume  of  a  gas  increases  OUTSIDE  of  the  container: 

a.  the  density  (increases)  (decreases). 

b.  the  temperature  (increases)  (decreases). 

c.  the  pressure  (increases)  (decreases), 

d.  the  gas  is  being  (compressed)  (expanded). 
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Frame  15 


Below  is  an  illustration  of  a  "cooling  turbine."  Notice  how  it 
resembles  the  agitator  in  a  washing  machine  or  a  water  pump  impeller 
in  a  car. 


High-pressure,  high-temperature  air  is  blown  from  a  pipe  onto  the 
large  end  of.  the  turbine  where  the  turbine  then  EXPANDS  the  air  by 
rapidly  spinning  it  outward  at  a  tremendous  rate. 

Remember  what  you  already  know  about  air  that  has  been  expanded? 

Underline  the  correct  word  in  each  statement  below.    You  may 
refer  to  the  illustration  of  the  turbine  if  you  wish. 

a.  The  hottest  air  is  at  the  (inlet)  (outlet)  end  of  the  turbine. 

b.  The  lowest  pressure  will  be  found  at  the  (inlet)  (outlet) 
end  of  the  turbine. 

c.  The  purpose  of  this  turbine  is  to  (compress)  (expand)  the 

air. 

d.  Air  is  expanded  to  (cool)  (heat)  it. 

e.  Air  that  is  spun  out  from  the  outlet  end  of  the  turbine  is 
(high-pressure,  high-temperature)  (low-pressure,  low-temperature). 

f .  This  device  might  properly  be  called  a  (cooling  turbine) 
(compressor) . 


HOT,  HIGH 
PRESSURE  AIR 
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CORRECT  RESPONSES  TO  FRAME  14:    a.    decreases   '      b.  decreases 

c.    decreases        d.  expanded 

CORRECT  RESPONSES  TO  FRAME  15:    a.     inlet      b.  outlet 

c.    expand    d.  cool 
e.    low-pressure,  low- temperature 
r.    cooling  turbine 

Frame  16 

o.n^.!f         ""^^^^  "•"^'^  '"^  i"*^*-  consideration  when  an  air- 

:re~!  iiTJi  t^^tbi::^^"  ~-      -  - 

hi.ber^r^^L\1i-"aUit^d-^riJ^^^^^^^ 

""^"^^^"^  ^^-^^y  fa.iLar1jJr;Ke':iinSL 

pressire'^!nJ°i^r^"*  "^^^  temperature,  density 

operate  ''''^       dif  ferent_  a^.^^^^^^  where  ai;cra?t 


'00,000  FT 

EARTH     I      LJ-^  50,000  FT 
l^-j  1—  10,000  FT 

•SEA  LEVEL 


atituSe  °'         '""''^  atmosphere  is  largest  at  the  high 

NO  RESPONSE  REQUIRED 


est 
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18 


Frame  17 

or  1/7  l^^^^  ^^'^  P'^^^^^  °"  ^"'^  »^°^y  with  a  pressure  of  14  69 
hLi!;I  ?r       ''^  "'^"^^  ^^^^  i^  «t  sea  level  bu'  wh;' 

happens  if  we  go  to  a  higher  altitude?    Is  it  the  same  as  at  se^  level? 

different ':Situder"p''f'  show  you  changes  that  occur  at 

axrrerent  altitudes.    Refer  to  the  table  to  get  the  figures  von 
need  to  con^lete  the  statements  that  follow.'  Underline  ^he  corrlcj 
answer  wherever  it  is  required.  correct 


7*06^  of  U.  S.  Standard  Atmotp/iere 


ALTITUDE 

PRESSURE 

TEMPERATURE 

RATIO 

lim  nl  Urn 

mm  Of  nf 

LP  p€r  sq  in 

c 

F 

A 
U 

700.0 

14.69 

15  & 

59.0 

1  000 

2000 

706.6 

13  67 

11.0 

51  9 

.94Z9 

4000 

656.3 

12  69 

7  I 

a  7 

OOol 

6000 

609.0 

11.78 

3.1 

37.6 

8000 

564.4 

10  91 

-  O.t 

30  5 

10000 

522.6 

10  11 

-  4.8 

,?3.3 

.7384 

12000 

483.3 

9  35 

-  8.8 

16.2 

Mil 

446.4 

863 

-12.? 

9.1 

.9499 

AvMlV 

411.8 

7  96 

-16.7 

1.9 

CAM 

inoo 

379  4 

734 

-20.7 

-  5.3 

.alpi 

2Q00O 

349  1 

6  75 

-24.1 

-12  3 

5327 

22000 

320.8 

6.20 

-28.1 

-19.5 

4947 

24000 

294.4 

5  69 

-32  5 

-26  6 

4640^ 

26000 

269  8 

5.22 

-36.5 

-33.7 

.4323 

28000 

246  9 

4  77 

-40  5 

-40  9 

4023 

30000 

2256 

436 

-44.4 

-48  0 

.3740 

32000 

205.8 

3.98 

■'48.4 

-55.1 

.3472 

34000 

187.4 

3  62 

-52  4 

-62  3 

3218 

3S332 

175.9 

3  41 

-55.0 

-67  0 

.3058 

36000 

170.4 

330 

-55  0 

.87  0" 

2962 

38000 

154  9 

300 

"55  0 

-67  0 

•2692 

40000 

140  7 

2  72 

-55.0 

-67.0 

.2447 

42000 

127.9 

2  47 

-t>5  0 

-67.0 

2224 

44000 

116.3 

2  25 

-55.0 

-67  0 

.2021 

46000 

105  7 

2.04 

-55.0 

-67  0 

.1838 

480OO 

96.05 

1  86 

-55.0 

-67.0 

.1670 

50000 

8^30 

169 

-55.0 

-67  0 

.1518 

S2000 

79.34 

1  S3 

-55.0 

-67.0 

1379 

54000 

72.12 

139 

-510 

-67.0 

.1254 

56000 

65.55 

1  27 

-55.0 

^67.0 

1140 

58000 

59.58 

1.15 

-55.0 

-67.0 

1036 

60000 

54  lb 

1  05 

-55  0 

-67  0 

0941 

lb  par's,  il  (p"  k'^'  at»osph«lc  pressure  1= 
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Frame  17  (Cont'd) 


At  18,000  ft,  pressure  is 


c.  Atmospheric  pressure  at  18,000  ft  is  approximately 
(1/2)  (1/4)  (two  times)  as  much  as  it  is  at  sea  level. 

d.  Atmospheric  pressure  at  60,000  ft  is    '     <  psi 

which  is  about  (1/2)  (1/15)  (two  times)  (15  times)  as  much  as  it 
is  at  sea  level. 

e.  The  temperature  at  50,000  ft  is  (hotter)  (colder)  nhan  it  is 
at  sea  level. 

f.  The  temperature  is  approximately  O^F  at  approximately 
 feet. 

g.  The  temperature  stays  the  same  from   feet  to 

  feet. 

h.  Density  ratio  of  the  air  is  at  sea  level. 


i.      An  air  density  ratio  of  '.5327  is  equal  to  feet. 

J-      At   ^eet  the  air  density  is  only  1/4  (approx) 

or  .2447  as  much  as  it  is  at  sea  level. 

k.      The  air  is  (more)  (less)  dense  at  60,000  feet  than  it  is 
at  sea  Iw/el. 

1.      Atmospheric  pressure  is  (greater)  (less)  at  60,000  feet 
than  it  is  at  sea  level. 

m.      Temperature  at  60,000  feet  ia  (hotter)  (colder)  than  it 
is  at  sea  level. 

n.      VOLUME  of  the  ai .  sphere  at  high  altitude  is  (greater) 
(less)  than  it  is  at  sea  level. 
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Frame  18 

Going  back  for  a  moment  we  can  ^ee  th^t  a  gas  is  affected  bv  anv 
tLTv  ?y1r"ff::^s'?o"^^  density  and  pressure.    nL^ fa^^o^p'are 
Ras    8uc7aa^hP  \  ^"^^^  changing  altitudes  will  have  on  a 

fuuSde  the  mu^  ''^S'  «««  that  as  we  increase 

#liiTn~laS^hf^p^s!f^  Whi^Te^iT^ 

Underline  the  correct  answer  to  the  Questions  below. 
(incr:;sesf  (LIL^sr        '^'"^  °'  ^"^^'^ 

(sea  J^vei?"  ""^^"^  °^        "'^'^^'^  atmosphere  is  least  at  (60,000  feet) 
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CORRECT  RESPONSES  TO  FRAME  17:         a.    14.69,         7.34,    c.  1/2 


CORRECT  RESPONSES  TO  FRAME  18:         a.    Increases,  b. 


Frame  19   

If  the  volume  increases  the  pressure  will  be  less.    The  same  is 
true  at  high  altitude.    The  voljume  of  the  atmosphere  is  much  larger, 
the  molecules  of  air  move  further  apixt  (become  less  DENSE)  and  as 
a  result  the  PRESSURE  decreases'. 

You  may  recall  that  when  the  pressure  drops  th.*  TEMPERATniE  also 
decreases.    The  air  molecules  hav€|  m^ved  further  apart  and  there  is 
less  friction  between  them  to  hteat  them* 

Let's  see  if  you  have  these  few  factf  Straight,    In  the  chart 
'  below  underline  the  word  that  dltscribes  tie  conditions  at  the 
altitude  shown  by  comparing  the  two  altittdes. 


d.    1.05  and  1/15,    e.  colder, 
f.    16,000  (Approx),    g.    35,  332  to 


60,000,    h.  1.000,    i.  20,000, 
J.  40,000,    k.  less,    1.  less, 
m*  colder,    n.  greater. 


Sea  Levi 


30,000  Feet 


Temperature  (high)  (low) 
Pressure  (high)  (low) 
Density         (high)  (low) 


(high)  (low) 
(high)  (low) 
(high)  (low) 


Volume  (small)  (greaw) 


(small)  (great) 
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Frame  20 


The  earth's  atmosphere  is  actually  a  sea  of  gases  that  surround 
the  earth.    This  "gas"  is  made  up  of  several  different  gases,  ona  of 
which  we  depend  upon  for  life  support.    This  gas  is  oxygen.  Nearly 
everyone  knows  that  without  oxygen  to  breathe,  human  life  would  be 
snuffed  out  in  just  a  Tew-  short  minutes. 

The  sea  of  gas  surrounding  us  is  composed  (ma<ie  up)  of  nitrogen, 
oxygen,  and  other  gases  in  the  following  percentages  ........ 


Nitrogen  78% 
Oxygen  21% 
Other  gases  1% 


While  oxygen  makes  up  only  21%  of  the  atmosphere  there  is 
certainly  enough  for  everyone  at  sea  level.    But  how  about  at  high 
altitudes?    There^s  the  same  21%  at  high  altitudes  with  just  one 
very  important  difference  -  DENSITY.  ][Remeinber,  the  higher  you  go, 
the  less  dense  the  atmosphere  is.     (Refer  to  Frame  19.)  ^ 


Jo 


If  you  drink  from  a_  glass  of  Kofil  Aid  that  is^  made  ug^  o^  98%  ^ 
wiater  anf^%  Kogl  Aid,  yoy  cjn  drink  ±t  all  down  in  a  few  swallows 
because  tjie  molecules  in  the  glass  are'^rery  dense.    Now spill  the 
sasae  glass  of  98%  water^and  2%  Kool  7[Id '  into  a  large  "fallow 
Cgji  X^^'^'^  ^i-^il  HP  ^ii  ^        swallows"  or  wiTi  you  have  to  move 
around  to  get  it  all  up.  ^  - 

You  see  -  the.  percentage  ij  ihe  §anje  but  the  density  (amount 
in      8iveu*ltrear]has  decreased.    This  Is  exactly  the^  same  foi  tjie 
atmosphere,  th^  sanie  percentage  of  nitrogen  -  78%,  oxygen  -  21%,  n 
and  other  gases  -  1%  i^s  at  all  altitudes  but  because  th£  molecules 
are  so  far  apart  at  high  altitude  you  will  not  get  as  many  with 
e^^Qh^breathTY  '       ^   ^  ^ 
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CORRECT  RESPONSES  TO  FRAME  19:    high,  high,  high,  small,  low,  lew,  1 

great 

Frame  20  (Cont'd) 

Underline  the  correct  answers  to  the  statements  below: 

a.  The  percentage  of  gases  in  the  ear^rh's  atmosphere  is 
78%  nitrogen,  21%  oxygen,  and  1%  other  gases.     (True)  (False) 

b.  There  is  as  much  oxygen  in  a,  gallon  of  air  scooped  up 

at  high  altitude  as  there  is  In  a  gallon  of  air  taken  at  sea  level. 
(True)  (False) 

c.  At  60,000  feet  the  atmosphere  contains  (21%)  (78%)  ^JlZ) 
oxygen, 

d.  At  35,000  feet  there  is  (21?:)  (78%)  nitrogen > 
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Frame  21 


Humidity  In  the  atmosphere  Is  something  we  pay  little  attention 
to,  but  as  an  Environmental  System  specialist  you* 11  find  humidity  can 
be  a  problem.    Early  In  this  program  yon  learned  humidity  was  the 
''moisture  In  the  air."   We  will  add  at  this  point  that  we  ar^ 
concerned  only  with  the  humidity  below  35,000  feet  because  above  that 
altitude  uhere  Isn't  enough  to  worry  about.    The  air  can  contain  a 
certain  amount  of  water  vapor  depending  on  the  air  temperature. 

You  have  seen  water  form  droplets  on  the  outside  of  a  glass  of 
cold  water  on  a  hot  day.    As  soon  as  the  ''moisture''  In  the  hot  air 
Is  cooled  by  the  cold  sides  of  the  water  glass »  It  turns  from  a  gas 
back  to  a  liquid. 

What  we  have  said  then  Is  that  If  the  atmosphere  Is  "cooled" 
the  moisture  (humidity)  will  turn  to  a  liquid ,  or  In  this  case,  t^IN. 

Underline  the  correct  answers  to  the  statements  below. 

a.  Moisture  In  the  air  Is  called  (danq)ne88)  (humidity). 

b.  Moisture  Is  only  fotind  above  35,000  feet,    (true)  (false) 

c.  Droplets  will  form  on  the  outside  of  a  glass  of  (hot) 
(cold)  water  if  the  air  around  It  Is  warm. 

d.  We  can  expect  to  find  rain  above  35,000  feet,    (true)  (false) 

e.  Usually  we  can  expect  rain  If  the  tenq)erature  drops  quickly 
on  a  hot  day.    (true)  (false) 


379 


CORRECT  RSSPONSES  TO  FRAME  20:    a.    True  «iMtude> 

b.    False  (leas  dense  at  high  altitude; 


c.  21% 

d.  78% 


CORRECT  RESPONSES  TO  FRAME  21:    a.    humidity      b.    false  c. 

d.    false  e,  true 


cold 


Frame  22 

Rain  falls  because  the  water  vapor  is  cooled  until  it  beconfs 
a  liquid.    Liquid  is  heavier  than  air  so  the  nwisture  falls  in  the 
form  of  rain.    Since  the  air  above  35,000  feet      Y^'y,  ^J^^^'^^ 
chart  in  Fraiie  17)  it  cannot  hold  .wisture.    In  fabt  Jhe  moisture 
will  have  cooled  and  fallen  as  rain  before  it  ever  gets  to  35.000  feet. 

KO  RESPONSE  REQUIRED 
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Frame  23 


On  some  occasions  in  the  future  you  imay  be  required  to  use  a 
temperature  scale  that  is  different  than  the  Fahrenheit  scale  you 
are  accustomed  to.    There  is  really  no  difference  in  scales  insofar 
as  physical  size  is  concerned.    It  is  how  many  lines  the  scales  are 
divided  into  that  makes  the  difference. 

In  figure  A  we  see  two  therraomewars  that  have  been  heated  the 
same  amount.  Notice  that  the  mercury  has  risen  the  same  amount  in 
each. 


NO  RESPONSE  REQUIRED 
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-273.1" 


^100'' 

^  32** 

•  OILING 

roiNT 

(WATlt) 

FREEZING 

fOINT 
(WATERI 


n  r 

CEISUS  FAHR»4HEIT 
SCALES 


-459. 7» 


AISOIUTE 
ZERO 


The  two  actual  scales  we  will  work  with  are  the  Fahrenheit  scale 
(you  already  know  this  one)  and  the  Celsius  scale*    The  Celsius  scale 
was  previously  called  the  Centigrade  scale.    CENTIGRADE  -  because  it 
is  "graded''  in  hundredths.    The  illustration  above  shows  both  of  the 
scales.    If  we  compare  these  two  scales  to  see  how  much  difference  there 
is  between  the  markings  on  them  we  will  find  there  is  180°  on  the 
Fahrenheit  scale  for  100^  on  the  Celsius  scale.    An  explanation  of  this 
follows. 

Look  at  the  Celsius  scale.    The  freezing  point  of  water  is  0°, 
while  on  the  Fahrenheit  scale  the  freezing  point  of  water  is  32°. 
If  you  look  for  the  boiling  point  of  water  (at  sea  level)  you  will  find 
it  is  100    Celsius  and  212^  Fahrenheit.    Perhaps  you  noticed  there  are 
100^  between  freezing  and  boiling  on  the  Celsius  scale,  that  is  0°  to 
100    =  100    and  between  32°  and  212°  on  the  Fahrenheit  scale  there  are 
180    or  212. 

-32 

180 

Since  the  actual  different  is  100°  and  180°  we  can  make  it 
easier  to  remember  the  difference  by  breaking  it  down  this  way  


100  -  180 
10    -  18 

1.0-1.8  or  for  each 

degree  Celsius  there  are  1.8  degrees  Fahrenheit.    1.8  is  almost  two 
degrees  so  it  becomes  easy  to  remember  that  the  Fahrenheit  scale  is 
nearly  twice  as  large  as  the  Celsius  scale.    There  is  one  thing  that 
must  be  remembered  ~  the  Fahrenheit  scale  STARTS  AT  32°  (using  the 
freezing  point  of  water  as  a  starting  point)  so  we  must  allow  for  this. 
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Frame  24  (Cont'd) 

You  may  look  at  the  two  scales  to  answer  these  questions  by 
underlining  the  correct  answer  or  filling  in  the  blanks. 

a.  The  scale  having  the  most  graduations  is  the   

scale. 

b.  The  lowest  mark  on  the  Celsius  scale  is  °  below  zero. 

c.  Water  boils  at   degrees  Celsius  and  degrees 

Fahrenheit. 

d.  There  are   degrees  difference  between  the  freezing 

points  and  boiling  points  of  the  Fahrenheit  scale. 

e.  The  same  amount  of  heat  will  moke  the  mercury  climb  higher 
in  one  thermometer  tube  than  in  the  other.    (True)  (False) 
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CX)RRECT  RESPONSES  TO  FRAME  24:    a.    Fahrenheit     b.    273.1  below 

c.    100,  212        d.    180     e.  false 


Frame  25 


Zero  on  the  Fahrenheit  scale  Is  32^  less  than  the  freezing  point 
of  water  so  we  will  have  to  allow  for  that  difference  when  we  convert 
from  one  scale  to  the  other.    To  change  a  Celsius  reading  to  a 
Fahrenheit  reading  it  must  be  remembered  the  Fahrenheit  number  will 
come  out  larger  than  the  Centigrade  number.    This  is  a  clue  to  solving 
the  problem.    To  make  a  s*snll  number  larger  you  can  multiply  and  add. 
Let's  try  one. 

Change  25^C  to  Fahrenheit. 

First  step  -  Multiply  25^C  by  1.8.    (Remember  the  Fahrenheit  seal 
has  1.8  degrees  for  every  degree  Celsius.) 


25 

X  1.8 

200 
25 


Second  step  -  Add  45.0 

+  32.0  (explained  above) 
-    77.0^  Fahrenheit 

Therefore,  25^0  -  77  F. 

Just  two  easy  steps.    Solve  the  problems  below  by  changing  the 
Celeius  Readings  to  Fahrenheit  readings. 


Writ 

your  answers  on 

this  page. 

a. 

A6°C  - 

°F 

d. 

5°C- 

b. 

30°C  - 

e. 

15°C. 

c. 

10°C  - 

f. 

40°C- 

°F 


°F 
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Frame  26 


Did  you  multiply  and  add  In  each  case?    If  so,  you  probably  had  no 
trouble  arriving  at  the  correct  answer  each  time.    It  Is  just  as  easy 
to  convert  Fahrenheit  scales  to  Celsius  scales  (a  large  scale  to  a 
smaller  scale)  by  SUBTRACTING  and  DIVIDING.    Follow  through  these  easy 
steps  to  see  how  It  is  done.    Change  78.8  F  to  Celsius. 

First  step  -  Subtract  78.8^F 

-32.  (Don*t  forget  the  32) 

A6.8 


Second  step  -  Divide  1 .8^)" ^6 


26  (Remember  you  must  move 

18T468  the  decimal) 

36 
108 
108 
0 

Answer  -  78.8^F  =  26.0^C 

Again,  two  easy  steps,  only  this  time  to  change  a  large  scale  to  a 
small  scale  we  SUBTRACT  and  then  DIVIDE.    Now  solve  a  few  to  see  how 
well  you  have  learned  to  convert  from  one  scale  to  the  other. 

a.  95°F  o   d.      50°F  =   °C 

b.  140°F  -  °c  e.      60°F  =   °C 

c.  70°F  =  °C  f.      100°F  =  °C 
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CORRECT  RESPONSES 

TO 

FRAME 

25: 

a. 

78.8  F 

b. 

86.0  F 

c. 

o 

50.0  F 

d. 

41.0°F 

e. 

59.0  F 

f . 

104. 0°F 

CORRECT  RESPONSES 

TO 

FRAME 

26: 

a. 

35.0°C 

b. 

60.0°C 

c. 

21.1°C 

d. 

10.0°C 

e. 

15.6°C 

f . 

37.8°C 

Frame  27 


If  you  are  honestly  doing  well  at  converting  from  one  scale  to  the 
other  you  will  enjoy  solving  the  problems  we  have  presented  below.  If 
you  are  a  little  shaky  though,  we  vould  rather  you  go  back  far  enough 
to  reassure  yourself  and  then  return  to  solve  these  problems. 

Using  the  correct  procedure,  convert  these  temperatures.    Write  your 
answer  in  the  spaces  provided  and  remember  -  large  to  small  -  subtract 
then  divide,  small  to  large  -  multiply  then  add. 


a. 


50^C  -  ""f  d.     50^F  =   


b.    eo^'c  «  ""f  e.  eo'^F  =  


c. 


70^C  o  ^F  f .    115^F  =   
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Frame  28 


If  you  are  one  of  the  specialists  who  may  someday  have  a  chance  to 
go  to  Europe  you  will  find  a  dally  use  for  temperature  conversion. 
Si^pose  someone  casually  says  to  you,  "It  oust  he  about  20"  Celsius 
today.      Now  you're  on  the  spot,  how  will  you  answer?    There  Is  a 
simple  solution  to  this  dilemma.    Try  this,  to  change  a  small 
(Centigrade)  scale  to  a  large  (Fahrenheit)  scale,  you  must  MULTIPLY 
and  then  ADD     It's  difficult  to  multiply  by  1.8  in  your  head  but  easy 
to  multiply  by  2.    Try  it           Someone  said  it's  20 »C  today. 

Quickly  now,  2  x  20  -  40  +  32  -  72»F.    Was  that  hara?    20'C  -  72 'F 
Let  s  check  it.    20»C  -  »C  x  1.8  +  32  -  68»F.    Not  bad,  in  face  72»  is  * 
close  enough  to  68'  for  conversational  purposes.    Of  course,  it  would 
be  just  as  easy  to  tell  that  Frauleln,  "it's  a  nice  cool  10"  Celsius, 
Isn  t  it?    How  did  you  do  it?    You  know  it  was  52 »F  and  that  to  make 
a  large  (  F)  scale  small  (»G)  you  SUBTRACT  and  then  DIVIDE.    Try  it 
Subtract  32  from  52,  you  have  52 

-32 
-20 

then 

then  10 
divide  by  2    2  20 

the  temperature  is  10"  Celsius  and  you  look  like  a  genius.    How  close 
was  your  approximation?    Check  it  -  (when  you  divide,  watch  the 
decimal  point  carefully). 


"C  «  "F  -  32  52 

1.8  -32_  11.1 

20  1.8  20.0 

The  accurate  answer  is  52»F  -  ll.l»C.  That  was  close,  only  1  degree  off. 

Convert  these  in  your  head. 


,1. 

62»F  » 

"C 

d. 

5»C  - 

"F 

b. 

44»F  - 

"C 

e. 

20 'C  - 

»F 

c. 

32»F  - 

•c 

f. 

I'C  = 

»F 
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coKRKfrr  Ri:spoNSi':.s  to  FRAMK  27: 


a. 

d. 


122.0^F 
32.2^C 


h. 


26.7^C 


c. 


f. 


CORRECT  RESPONSES  TO  FRAME  28: 


a. 


d. 


b. 


e. 


c. 
f. 


Frame  29 


Why  did  we  go  to  the  trouble  of  showing  you  a  way  to  do  it  in 
your  head?    It  provides  you  with  a  means  of  remembering  the  PROPER 
PROCEDURE  for  temperature  scale  conversion  and  as  a  rough  check  of 
your  own  work  to  see  if  you  have  overlooked  any  of  the  steps.  Here 
is  an  example  of  how  you  might  use  it.    Sgt  Jones  was  in  a  hurry, 
and  using  a  pencil,  he  quickly  changed  102  F  to  51  C. 

In  your  head  check  his  figures  to  see  if  he  used  the  proper 
procedure. 

a.  The  approximate  answer  should  be  35^C.  (True)  (False) 

b.  Did  he  arrive  at  the  correct  estimate?  (Yes)  (No) 

c.  He  should  have  subtracted  32  and  then  divided  the  answer 
by  2.     (True)  (False) 


d.      Using  a  pencil  determine  the  EXACT  answer.    The  EXACT 
answer  is  (35C)  (38,8  C)  (Sl.O^C). 
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Frame  30 


Check  your  responses  for  Frame  29  on  page  36. 

This  concludes  this  portion  of  physics.    If  you  have  any  further 
questions  or  comments,  please  bring  them  to  the  instructor's  attention. 
He  will  guide  you  to  the  next  unit  of  instruction. 


389 

35 


CORRECT  RESPONSES  TO  FRAME  29:    a.    True      b.     No  c. 


d.  38.8°C 


• 
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OBJECTIVES 


Relate  electrical  characteristics  of  materials  to  the  flow  of 
electrical  current,  and  also  select  the  result  that  would  occur 
from  a  change  in  temperature  on  metals  with  a  minimum  of  80Z 
accuracy. 


Some  of  the  information  that  you  will  study  in  this  PT 
is  background  Information.    Once  having  mastered  the  subject 
matter »  you  will  understand  why  an  electrical  current  (a  flow 
of  electrons)  occurs*    Understanding  how  and  why  current  flows 
will  aid  you  in  understanding  how  electron  tubes,  solid  state 
devices »  and  other  electronic  equipment  works. 


This  programmed  text  presents  information  in  small  steps 
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you  have  made  your  selections  check  your  work  against  the 
answers  on  the  followln:;  page.    If  the  responses  are  not  provided 
ask  your  instructor  to  grade  it.    If  your  selections  were 
correct,  go  on  to  the  next  frame  and  repeat  the  above  process. 
If  you  have  made  an  incorrect  response,  reread  the  frame  until 
you  understand  your  error  and/or  see  your  instructor. 
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INTRODUCTION 


INSTRUCTIONS 


2 


ERLC 


Frame  1 


Our  earth  and  atmosphere  Is  made  up  of  matter  and  energy. 
Matter  Is  defined  as  things  that  take  up  space  and  have  weight* 
Bricks >  trees  I  people >  air>  paper >  mllk^  wire,  steel  and  water 
are  only  a  few  examples  of  matter*    They  all  have  weight  and  take 
up  space*    Matter  can  be  In  three  states:    solids ^  liquids ^ 
and  gases.    All  matter  Is  made  up  of  small  particles  called 
atoms*    Atoms  which  make  up  one  body  of  material  ere  different 
from  atoms  which  make  up  other  kinds  of  materials.    But  what  of 
those  things  that  do  exist  and  yet  do  not  have  weight  nor  take 
up  space? 

For  Instance:    heat,  light,  sound  and  electricity*  None 
of  these  can  be  weighed*    Have  you  ever  seen  a  tin  can  fall  of 
light?    These  are  forms  of  energy.    Energy  is  the  ability  to  do 
wo/k« 


DO  NOT  MARK  IN  THIS  TEXT 


Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 


1.    This  P  T  Is  an  example  of  matter. 


2*  This  FT  Is  made  up  of  small  particles  called  atoms. 
3*    An  atom  of  silver  Is  Identical  to  an  atom  of  gold* 


Next  to  each  Item  listed  In  the  columns  below^  write  the 
letter  "E"  for  energy  or  the  letter  "M"  for  matter  that  correctly 
descrlb'^s  which  It  Is: 


4*  glass 
5*  water 


6.  electricity 
7*  sand 


8»  oxygen 

^  9*  light 

10*  gasoline 

11.  heat 


12  *  sound 


ERLC 
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Answers  to  Frame  1:     1.  T     2,  T     3,  _   4,  M     5,  M     6,  E     ?•  M 

8.  M     9.  E     10.  M     11.  E     12.  E 

Frame  2 

As  we  stated  in  the  last  frame,  the  atoms  that  make  up  one  type 
of  material  are  very  different  from  the  atoms  that  make  up  other 
kinds  of  materials.    These  atoms  vary  in  the  number  of  subatomic 
particles  or  very  small  bits  that  they  contain.    There  are  three 
main  subatomic  particles  which  are  called  PROTONS,  NEUTRONS,  and 
ELECTRONS.    Of  the  three,  the  electron  is  the  most  important  to  you 
in  working  with  electricity.    In  the  figure  shown  of  the  carbon  atom, 
you  can  see  just  how  the  subatomic  particles  relate  to  the  atom* 
The  protons  and  neutrons  together  make  up  the  center  or  NUCLEUS  of 
the  atom,  around  which  the  electrons  revolve,  much  like  our  planet 
revolves  around  the  sun.    The  electron  is  very  small  and  is  said 
to  have  a  very  small  negative  charge  of  electricity.    The  proton 
in  the  center  is  said  to  have  a  positive  charge  of  electricity. 
This  positive  charge  is  equal  in  strength  but  opposite  to  the 
charge  of  the  electron. 

Nucleus  <•  pnorOHt.  t  NiurnoNsj 


CARBON  ATOM 


Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 

  1.    The  electron  is  considered  to  have  a  small  negative 

charge. 

  2.    The  carbon  atom  pictured  above  has  the  same  number  of 

electrons  as  protons. 

  3,    Electrons  revolve  around  the  nucleus  of  an  atom. 

  4,    The  proton  is  considered  to  have  no  electrical  charge. 


ERIC 


4 


Answers  to  Frame  2:     1.  T     2.  T     3.  T     4.  _ 

Frame  3 

In  most  atoms  there  Is  a  small  part  with  no  charge,  called  a 
neutron*    This  small  neutron  has  a  mass  just  about  the  same  size 
as  a  proton  but  will  not  have  an  electrical  charge«    The  protons 
and  neutrons  make  up  a  very  heavy  center  or  nucleus  around  which 
the  very  light  electrons  revolve.    As  the  atom  becomes  more  and 
more  complicated,  the  number  of  protons  and  electrons  will  also 
increase  in  number.    But,  not  all  of  the  electrons  revolve  in  the 
same  belt,  orbital  path  or  shell  as  shown  in  the  figure  below. 
The  maximum  number  of  electrons  that  any  one  belt  or  shell  may 
have  is  limited*    lectrons  in  the  inside  belts  or  shells,  are 
bound  tightly  to  the  nucleus  or  center  of  the  atom.    The  electrons 
in  the  outer  shells  are  not  as  tightly  bound  to  the  nucleus  and 
when  an  outside  force  is  applied,  the  electrons  in  the  outermost 
shell  may  be  freed  from  the  atom^ 


COPPER  ATOM 


Mark  the  following  true  statements  with  a  "T"  en  your 
response  sheet. 

  1.    Electrons  in  the  outer  ahells  of  an  atom  are  easily 

removed. 

  2.    The  neutron  has  no  electrical  charge. 

  3.    The  copper  atom  shown  in  this  frame  has  one  electron 

in  Its  outer  orbit. 

  4.    The  protons  and  neutrons  together  make  up  an  ion. 

DO  NOT  MARK  IN  THIS  TEXT 
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Answers  to  Frame  3:    1.  T     2#  T     3#  T     4.  _ 

Frame  A 

Under  normal  conditions  an  atom  Is  electrically  neutral »  that 
ls»  the  number  of  protons  is  equal  to  the  number  of  electrons. 
See  figure  A.    If  an  atom  Is  not  neutral »  It  Is  called  an  Ion* 
For  an  atom  to  become  an  Ion  It  xmxst  either  lose  or  gain  an 
electron*    If  one  electron  is  torn  away  from  the  atom  as  shown 
in  figure       this  will  leave  the  atom  with  a  deficiency  of 
electrons*    Thus,  this  atom  has  more  positive  charges  than 
negative  charges.    Thip  atom  is  then  referred  to  as  a  positive 
ion.    In  figure  C  below»  this  atom  has  gained  an  extra  electron. 
This  makes  it  more  negatively  charged  than  a  neutral  atom  so  it 
id  referred  to  as  a  negative  ion. 


BALANCED  ATOM 


B. 

UNBALANCED  ATOM 
DO  NOT  MARK  IN  THIS  TEXT 


UNBALANCED  ATOM 


Mark  the  correct  answer  for  each  of  the  following  questions 
on  the  response  sheet* 

  1,    An  atom  with  six  electrons  and  five  protons  ie  a 

a.  negative  Ion* 
b*     positive  ion* 

  2*    An  atom  with  six  electrons  and  six  protons  is  a 

a*     unbalanced  atom* 
b*     balanced  atom* 

  3*    Under  certain  conditions  electrons  in  the  outer  orbit 

can  be  forced  to  leave  an  atom* 


a* 
b. 


True 
False 


A*    An  atom  with  eight  electrons  and  nine  protons  is  a 

a.  negative  ion* 
b*     positive  ion* 


ERLC 
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Answers  to  Frame  4:    !•  £     2.        3.  a     4*  b 

Frame  5 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  terms  on  the  right  to  their  descriptions  on  the 
left  by  placing  the  correct  letter  in  each  blank  on  your  response 
sheet* 

NOTE:    Each  letter  may  be  used  more  than  once* 

  1*    Negatively  charged*  a*  Neutrons 

  2.    Positively  charged.  b*  Protons 

  3.    No  electrical  charge*  c*  Electrons 

  4«    Revolves  around  the  nucleus. 

  5.    Has  mass  approximately  equal  to 

that  of  a  proton. 

 6*    Together  with  the  neutrons  make 

up  the  nucleus  of  the  atom. 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  7«    A  negative  ion  has  more  electrons  than  protons. 

  8.    Normally  an  atom  has  the  same  number  of  electrons  as 

protons • 

 9 .    An  atom  that  has  gained  an  electron  would  be  called  a 

positive  ion* 
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Answers  to  Frame  5:    1.  c     2,  b     3.  a     4.  c     5.  a     6.  b 

7.  T     8,  T  9. 


Frame  6 

As  was  stated  In  past  frames  an  atom  can  be  made  to  lose  or 
gain  electrons  under  nan-made  conditions.    The  electrons  which 
move  from  one  atom  to  another  are  kind  of  loosely  bound  to  the 
nucleus.    These  electrons  are  referred  to  as  valence  electrons. 
These  are  the  ones  that  are  easiest  to  take  from  an  atoms  outer 
shell.    Maybe  now  you  are  wondering  where  the  "lost"  electrons 
go>  and  where  the  gained  electrons  come  from.    We  know  that  when 
they  go  some  place  or  come  from  some  place >  there  has  to  be 
movement  involved.    This  movement  of  the  electrons  is  defined  as 
current  flow>  and  will  be  discussed  later  in  this  lesson.  These 
electrons  that  are  loosely  bound  to  the  nucleus  of  an  atom  are 
referred  to  as  FREE  electrons.    They  are  not  exactly  free,  but 
they  will  tend  to  move  from  one  atom  to  another^  exchanging 
places  all  the  time  with  other  free  electrons. 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  1.    Electrons  in  the  outer  orbit  are  the  ones  most  easily 

removed  from  an  atom. 

2.    The  electrons  th?-  are  loosely  bound  to  the  nucleus 
"        are  called  free  electrons. 


Answers  to  Frame  6:    1.  T   2»  T 


Frame  7 


A  good  conductor  Is  a  material  that  has  atoms  which  have  a 
large  number  of  free  electrons*    Some  good  examples  of  conductors 
are  silver,  gold,  copper,  and  aluminum.    Silver  Is  a  much  better 
conductor  than  copper,  but  you  will  find  copper  used  more  often^ 
because  It  does  not  cost  as  much*    It  Is  stronger  than  silver  and 
is  very  easy  to  bend  and  form*    Aluminum  Is  light  and  Is  used  when 
weight  Is  an  Important  factor*    An  Insulator  Is  a  material  x^ose 
atoms  have  very  few  free  electrons.    No  known  material  Is  a 
perfect  Insulator.    Some  materials  are  such  poor  conductors, 
that  for  all  practical  use,  they  are  rated  as  Insulators.  Some 
examples  are  glass,  dry  wood,  rubber,  mica,  and  soma  plastics* 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet* 

A  good  Insulator  has  many  free  electrons. 

Copper  Is  an  example  of  a  good  conductor. 

Silver  has  many  free  electrons. 


Rubber  Is  an  example  of  a  good  Insulator* 


All  materials  contain  the  same  number  of  free 
electrons . 


• 


1. 

2. 
3. 
4. 
5. 


Answers  to  Frame  7:    !•          2.  T     3*  T     4.  T     5.  _ 

Frame  8 

Static  electricity  can  be  made  in  a  nimber  of  ways.    You  will 
from  time  to  time  feel  a  shock  when  you  touch  the  door  handle  of 
a  car  after  sliding  over  its  plastic  seat  covers •    The  friction 
made  between  glass  and  silk  when  rubbed  with  each  other  will 
make  static  electricity  the  same  way  as  air  passing  over  the 
skin  of  an  aircraft*    Static  electricity  is  generally  considered 
to  be  electricity  at  rest.    A  charged  body  is  one  that  has  more 
or  less  than  the  normal  number  of  electrons.    A  neutral  body  is 
one  that  has  an  equal  number  of  electrons  and  protons  in  each 
atom.    It  can  be  shown  in  the  figure  below  that  bodies  with  like 
ch£  'ges  will  push  each  other  apart  and  those  with  unlike  charges 
wi3  .  draw  to  each  other. 


lUU    .  ///// 


O     O  No  Charge 

DO  NOT  MARK  IN  THIS  TEXT 


Like  Charges         (OQ      ''^^  Charges 


Mark  the  correct  answer  for  each  of  the  following  questions 
on  the  response  sheet. 

  1,    An  atom  that  has  three  electrons  and  two  protons 

would  be 

a.  negatively  charged. 

b.  positively  charged. 

2.    Two  bodies  which  attract  to  each  other  are  called 


a.  positively  charged  bodies. 

b.  negatively  charged  bodies. 

c.  unlike  charged  bodies. 

3.    Static  electricity  is  sometimes  referred  to  as 
electricity  at  rest. 

a*  True 
False 
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Answers  to  Frame  8:     1»  a     2«  £     3»  £ 

Frame  9 

Static  electricity  is  always  present  as  a  hazard  around  air- 
craft when  bodies  of  unlike  charges  are  placed  close  to  each  other. 
The  charges  will  try  to  become  equal  with  each  other.    When  this 
happens,  there  will  be  a  small  spark  jumping  from  one  body  to  the 
other  body.    The  greatest  ha25ard  here  is  that  this  spark  can  cause 
fires. 

Another  problem  is  that  it  can  cause  radio  static  noise  and 
shock.    There  are  a  lot  of  things  used  to  help  reduce  the  number 
of  hazards  from  static  electricity.    Some  of  these  things  are 
grounding  wire,  static  dischargers  and  bonding  wires* 


DO  NOT  MAM  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet* 

  1*    Shock  is  one  hazard  of  static  electricity. 

  2.    Unlike  charges  will  try  to  equalize  when  brought 

together* 

  3.    Fire  can  be  caused  by  sparks  created  by  static 

electricity. 


Answers  to  Frame  9:      !•  T     2.  T     3.  T 

Frame  10 

A  grounding  wire  can  be  used  to  connect  a  body  to  the  earth 
to  drain  its  static  charges.    For  example i  a  grounding  wire  Is 
used  to  connect  the  aircraft  and  fuel  truck  to  the  earth  during 
refueling.    A  static  discharger  is  a  rubber  cotton  wick  which 
has  graphite  in  it.    It  is  hooked  to  the  trailing  edge  of  the 
wings,  rudders  and  elevators.    It  has  a  sharp  point  on  the  end, 
which  gives  the  excess  electrons  a  path  to  flow  off  of  the 
aircraft  to  the  air.    The  purpose  of  the  static  discharger  is 
to  eliminate  the  static  charge  that  is  caused  by  the  flow  of 
air  over  the  skin  of  the  aircraft  during  flight,    A  bonding 
wire  is  used  to  connect  metal  parts  to  each  other  on  the  air- 
craft so  that  all  parts  on  it  will  have  the  same  charge.  If 
the  aircraft  is  properly  bonded,  there  will  not  be  any 
difference  in  charges  between  various  aircraft  parts.  As 
stated  earlier.  If  each  body  has  a  different  charge  these 
charges  will  try  to  equalize  and  sparking  will  occur.  This 
could  also  cause  an  aircraft  fire, 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  1.    The  static  discharger  is  used  to  connect  an  object 

to  the  earth  to  eliminate  static  charges. 

  2,    Bonding  wires  are  used  so  that  all  metal  parts  of 

the  aircraft  have  an  equal  amount  and  the  same 
polarity  of  charge. 
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Answers  to  Frame  10:     !•  _     2.  T 

Frame  11 

Match  the  terms  on  the  right  to  their  description  or  examples 
on  the  left.    Place  the  correct  letter  in  the  blanks  provided  on 
the  response  sheet • 

NOTE:    The  letters  may  be  used  more  than  once. 

  1#  Contains  many  free  electrons.  a.  Insulator 


2.  Contains  few  loosely  held  b.    Good  conductor 
electrons 

3.  Rubber 

4.  Copper 

5.  Silver 

6.  Glass 

7.  .Muminum 


Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  8.  Two  bodies  that  are  positively  charged  will  repel 

each  other. 

  9.  An  atom  that  has  12  electrons  and  11  protons  would 

be  an  example  of  a  charged  body. 

  10.  The  greatest  hazard  of  static  electricity  around  an 

aircraft  is  fire. 

  11 •  A  ground  wire  is  used  to  help  eliminate  static  charge. 

  12.  An  electron  has  a  small  negative  charge. 

  13.  A  positive  ion  hao  more  protons  than  electrons. 

  14.  An  atom  with  13  electrons  and  12  protons  is  an 

example  of  a  negative  ion. 

  15.  The  subatomic  particle  that  has  a  negative  charge 

is  the  neutron. 

  16.  The  proton  revolves  around  the  nucleus  in  paths 

called  shells. 
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Answers  to  Frame 

11:  1. 

b 

2.  a     3.  a 

4.  b 

5.  b     6.  a 

7. 

b 

8,  T     9.  T 

10.  T 

11.  T     12.  T 

13. 

T 

14.  T     15.  _ 

16.  . 

Frante  12 

Earlier  you 

leaimed 

that 

the  electrons 

In  the 

outer  shell 

of  an  atom  may  be  forced  from  that  atom  by  some  external  force* 
Suppose  that  a  copper  wire  Is  connected  between  two  charged 
bodies  as  shown  below*    Remember  that  copper  Is  a  very  good 
conductor  and  has  many  free  electrons «    On  one  end  of  the  body 
Is  a  positive  charge  and  at  the  other  end  Is  a  negative  charge. 
This  means  that  the  positive  body  has  a  low  sim  of  electrons 
and  the  negative  body  has  an  excess  sum  of  electrons.  The 
negative  side  will  repel  the  free  electrons  through  the  copper 
wire  as  shown  by  the  arrows.    Also,  the  positive  charged  mass 
can  be  thought  of  as  attracting  the  electrons.    As  one  electron 
Is  forced  away  from  Its  atom,  It  makes  that  atom  positively 
charged.    With  this  atom  now  at  a  positive  charge »  It  will  try 
to  pull  an  electron  from  a  close  at  hand,  negative  or  stable 
atom.  Into  Its  own  orbit.    This  Is  what  makes  that  atom  take  on 
a  positive  charge  and  this  atom  will  now  pull  an  electron  from 
a  different  negative  atom.    The  movement  of  electrons  will  keep 
taking  place  until  the  two  bodies  are  the  same.    This  flow  of 
electrons  Is  called  CURRENT  FLOW. 


Electron  movement  through  a  conductor, 

14 
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Frame  12  (Cont'd) 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions 
on  the  response  sheet* 

  !•    The  flow  of  electrons  through  a  conductor  Is  called 


a«  voltage 
b  •  current 

2.  The  electron  Is  a  small 

a«  negative  charge 
b«     positive  charge 

3.  The  free  electrons  move  from  negative  force  toward 
the  positive  force • 

a*  True 
b .  False 


Frame  13 

In  the  last  frame  you  learned  that  electrons  will  stop 
flowing  between  the  charged  bodies  when  the  bodies  becomd 
equally  charged.    In  electrical  circuits  current  must  flow 
all  the  time.    Thus>  there  must  be  some  sourc(^  that  will  keep 
the  two  points  at  different  pressures  so  that  the  electrons  will 
keep  on  flowing.    A  source  of  this  type  is  called  a  source  of 
electromotive  force.    Electromotive  force  (EMP)  is  a  force  which 
will  cause  electrons  to  move  through  a  conductor.    It  is  very 
important  that  you  understand  the  differences  between  current  (1) 
and  electromotive  (EMF)  fovea.    EMF  was  defined  as  the  FORCE 
THAT  CAUSES  ELECTRONS  TO  MOVE  THROUGH  A  CONDUCTOR.    Current  was 
defined  as  the  ACTUAL  MOVEMENT  OF  ELECTRONS  THROUGH  A  CONDUCTOR. 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  !•    Electromotive  force  and  current  have  similar  meanings. 

 2.    In  order  to  have  electron  flow  you  must  have  EMF. 
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Answers  to  Frame  12:     !•        2,  a     3,  £ 
Answers  to  Frame  13:     1.  _     2,  T 
Frame  14 

We  now  know  that  in  order  to  have  current  flow  through  a 
conductor  we  must  have  a  difference  in  pressure  between  the  two 
points  that  the  conductor  is  connected  to.    This  difference  in 
pressure  Is  generally  referred  to  as  potential  difference    v  a 
difference  in  potential.    Two  of  the  most  common  sources    '  EMF 
are  batteries  and  generators.    We^ll  discui?^;  the^e  in  a  lAter  lesson. 
The  unit  of  measure  for  EMF  Is  the  volt.    From  the  term  vol**  the 
word  voltage  has  come  Into  use  to  mean  the  same  as  EMF.  The 
symbol  used  to  represent  voltage,  potential  difference,  EMF,  or 
electrical  pressure  Is  E. 

Mark  the  following  true  statements  with  a  "T"  on  your 
response  sheet. 

  1,    Voltage  and  EMF  have  similar  meaning. 

  2.    An  EMF  can  be  used  to  provide  a  continuous  flow 

of  electrons. 

3.    The  unit  of  measure  for  EMF  Is  volt. 


Fill  in  the  blanks  with  the  correct  term     .  your 
response  sheet. 

4.  The  movement  of  electrons  from  a  negative  to  a  positive 
potential  Is  called  • 

5.  The  force  that  causes  electrons  to  move  through  a 
conductor  Is  called  
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Answers  to  Frame  14:     !•  T     2.  T     3.  T     4.  current 

5.  voltage  or  EMF 


Frame  15 


We  know  that  a  good  conductor,  such  as  copper,  contains  many 
free  electrons.    When  one  electron  leaves  the  negative  terminal 
of  a  source  of  EMF,  it  Immediately  repels  a  free  electron  from  an 
atom  in  the  wire.    This  free  electron  repels  another  free  electron, 
etc.    A  chain  reaction  takes  place  throughout  the  entire  conductor. 
At  the  same  time  that  one  electron  leaves  the  nagative  terminal,  a 
free  electron  moves  from  the  conductor  into  the  positive  terminal. 
The  net  effect  of  this  movement  is  felt  Instantaneously  between 
the  terminals  and  through  the  conductor.    The  process  that  goes 
on  inside  a  source  of  EMF  to  keep  the  negative  terminal  supplied 
with  an  excess  of  electrons  will  be  explained  in  a  later  lesson. 
The  rate  at  which  electrons  pass  a  given  point  In  a  conductor  is 
a  measure  of  the  amount  of  current  flowing*    The  unit  of  measure 
for  current  flow  is  the  ampere.    The  symbol  which  is  usually  used 
to  represent  electric  current  is  I,  which  means  amount  of  current. 

Mark  the  correct  answer  for  each  of  the  following  questions 
on  the  response  sheet, 

  !•    The  unit  of  measure  for  current  flow  is 

a.  EMF. 

b.  voltage, 

c.  electron, 

d.  ampere. 

  2,    The  symbol  used  to  represent  electric  current  is 

a.  E. 

b.  I. 
C.  R. 
d,  P. 

 3,    Current  is  the  flow  of  electrons  through  a 

a.  conductor. 

b .  non-conductor . 

 4,    The  symbol  for  voltage  is 


a.  I. 

b.  R. 

c.  Y. 

d.  E. 
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Answers  to  Frame  15:     !•  d     2*        3»  a.  4* 
Frame  16 

DO  NOT  MARK  IN  THT'=*  TEXT 
Itork  the  following  true  statements  with  a  "T"  on  your  response  sheet# 
  1.    The  proton  has  a  positive  charge  on  it* 

  2.    The  electron  orbits  around  the  nucleus  in  paths,  called  shells • 

  3.    An  atom  that  has  lost  an  electron  would  be  called  a  negative  ion. 

  4.    Normally  an  atom  is  electrically  neutral. 

  5.    Silver  is  an  example  of  a  good  conductor. 

  6.    A  good  insulator  such  as  glass  has  few  loosely  held 

electrons. 

  7.    Copper  has  many  free  electrons • 

  8.    Two  bodies  that  are  positive  charges  will  attract  each  other* 

  9.    Static  electricity  can  cause  fires r 

 10.    An  atom  with  12  electrons  and  12  protons  is  an  example 

of  a  charged  body. 

Match  the  terms  or  symbols  on  the  right  to  their  definition 
or  the  term  they  symbolize.    Place  the  correct  letter  on  the 
blanks  provided  on  the  response  sheet • 

11,    Force  that  causes  electrons  to  move        a.  E 
through  a  conductor^  -j- 

12*    The  movement  of  electrons  Voltage 
through  a  conductor • 

13*    Symbol  for  voltage. 


d .  Current 


14.    Symbol  for  current. 

Fill  in  each  blank  with  the  corrbct  term  or  letter  on  the 
response  sheet. 

15*    The  unit  of  measure  for  EMF  is  the  ♦ 

16*    The  unit  of  measure  for  current  is  the  • 


17.    In  the  figure  shown  below,  the  electrons  will  move  from 
point   to  point   


COPPER  WIRB 


ERIC 
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Answers  to  Frame  16:      1.  T     2*  T     3*  _     4*  T     5*  T     6.  T     7.  T 


8.  _     9.  T     10.  _     11.  c     12.  d     13*  a 


14.  b_     15.  volt     16*  appere    17*  A  to  B 

Frame  17 

Since  conductors  have  many  free  electrons,  they  will  permit  a 
large  current  to  flow  in  response  to  little  EMF*    Since  insulators 
contain  very  few  free  electrons,  they  will  permit  relatively  little 
current  flow  in  response  to  a  large  or  groat  EMF.    Actually  no 
material  is  a  perfect  insulator.    All  materials  have  some  free 
electrons  that  will  flow  as  current.    On  the  other  hand  eXfen  the 
best  conducting  materials, available  have  some  opposition  to  current 
flow*    This  opposition  to  current  flow  is  called  resistance.  The 
latter  R  is  used  as  the  syxnbol  for  resistance  and  the  unit  of 
measure  of  resistance  is  the  ohm.    A  conductor  has  a  resistance  of 
one  ohm  when  an  applied  voltage  of  one  volt  causes  a  current  of  one 
ampere  to  flow  through  it. 

Fill  in  each  blank  with  the  correct  term  or  symbol  on  the 
response  sheet. 

1.     The  sjnnbol  for  current  is  • 


2.      The  symbol  for  resistance  is 


3.     The  unit  of  measure  for  voltage  is  the 


4.      The  opposition  to  current  flow  is  called 


5*     The  force  that  causes  current  flow  is  called 


6.     A  material  that  contains  very  few  free  electrons  is 
called  a/an 
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Answers  to  Frame  17:     !•  I     2.  R     3.  volt     4.  resistance 

5.  voltage  or  EMF     6.  Insulator 

Frame  18 

Conductance  Is  the  ability  of  a  material  to  conduct  current; 
thus  it  is  the  opposite  of  resistance*    A  material  with  high 
conductance  would  have  many  free  electrons*    Copper  would  have 
high  conductance*    A  material  such  as  glass,  which  does  not 
conduct  current  very  wall,  would  have  low  conductance  and  high 
resistance.    A  material,  such  as  copper,  with  high  conductance 
would  have  low  resistance,  etc.    The  synibol  for  conductance  is  G. 
The  unit  of  measure  of  conductance  is  the  mho  (ohm  spelled  backward) 

Mark  the  following  true  statements  with  a  "t"  on  your  response 
sheet. 

1^    A  substance  such  as  rubber  has  relatively  high 
conductance. 

2.    Silver  has  very  high  conductance  and  very  low 
resistance. 

Fill  in  each  blank  with  the  correct  term  or  symbol  on  the 
response  sheet. 

3.     The  ability  of  a  material  to  conduct  current  Is  called 


4.      The  symbol  for  voltage  is 


5.  The  symbol  for  conductance  is 

6.  The  synibol  for  resistance  is  _ 


7.  The  unit  of  measure  for  resistance  is  the  ^ 

8.  The  unit  of  measure  for  conductance  is  the 


9.     The  movement  of  electrons  through  a  conductor  is 
called   
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Answers  to  Frame  18: 


_  2.  T  3.  conductance 
7.  ohm     8.  mho     9.  current 


4.  E     5.  G     6.  R 


Frame  19 


For  each  of  the  following  descriptions  write  on  the  response 
sheet  the  term  described,  the  symbol  for  the  term,  and  the  unit  of 
measure  for  the  term.    A  list  of  terms,  symbols,  and  units  are  given 
for  you  to  use;  but  the  information  on  any  one  line  is  not  correctly 
related. 


TERMS 

Voltage 

Current 

Resistance 

Conductance 


DO  NOT  MARK  IN  THIS  TEXT 


SYMBOLS 
1 
R 
E 
G 


UNITS  OF  MEASURE 
Ohm 
Mho 
Volt 
Ampere 


TERM  SYMBOL  OF  TERM  UNIT  OF  MEASURE 


lo    Opposition  to 
current  flow. 

2.  Ability  of  a 
material  to 
conduct 
current. 

3.  Flow  of 
electrons 
through  a 
conductor. 

4.  Force  that 
causes  the 
flow  of 
electrons 
through  a 
conductor. 


Answers  to  Frame  19: 


TERMS 

SYMBOLS 

UNITS  OF  MEASUREMENT 

resistance 

R 

Ohm 

1. 

conductance 

G 

Mho 

2. 

current 

I 

Ampere 

3. 

voltage 

B 

Volt 

4. 

Frame  20 

The  size  and  type  of  material  of  the  wires  used  in  electrical 
circuits  are  chosen  so  as  to  keep  the  electrical  resistance  as  low 
as  possible.    The  electrical  resistance  of  a  wire  will  depend  on: 
(1)  its  lengthy  (2)  its  diameter,  (3)  the  type  of  material,  and 
(4)  the  temperature.    For  a  given  material  at  a  fixed  temperature, 
increasing  the  length  will  cause  its  resistance  to  increase* 
Doubling  the  length  will  double  the  resistance.    However,  the  larger 
the  diameter  of  a  conductor,  the  lower  will  be  its  resistance  to 
current  flow*    This  is  the  teason  why  large  diameter  wires  are  used 
in  high  current  flow  circuits* 

Look  at  the  comparison  between  the  figures  shown  below. 


FIG  A 


FIG.  3 


Figure  B  has  twice  as  large  a  diameter  as  figure  A*    Since  it 
is  twice  as  large  in  diameter  it  will  have  many^  many,  more  free 
electrons  that  can  be  moved  and  as  a  result  it  will  have  less 
"Resistance 
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Frame  20  (Cont*d) 


In  this  illustration  notice  the  difference  in  the  LENGTH  of  the 
two  conductors  (wires)  . 


f 


FIG  A 


FIG  B 


(  )  ■  2"  ^  'A" 


4 


The  conductor  with  the  greatest  length  will  have  the  greatest 
resistance  because  the  electrons  have  further  to  travel. 

Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 

 1.     A  piece  of  aluminum  wire  two  feet  long  will  have 

more  resistance  than  one  three  feet  long. 

  2.     The  larger  the  diameter  of  a  copper  wlre>  the 

less  resistance  It  will  have. 

Frame  21 

Different  types  of  materials  offdr  different  amounts  of  resis- 
tance.   Metals  have  low  resistance  whereas  glass  and  rubber  have  high 
resistance.    Li  most  conductors  (copper,  aluminum,  silver,  Iron,  etc.) 
the  resistance  Increases  with  an  increase  In  temperature.  These 
materials  are  said  to  have  a  positive  temperature  coefficient.  The 
resistance  of  carbon  and  liquids  decreases  with  an  Increase  in 
temperature.    These  materials  are  said  to  have  a  negative  temperature 
coefficient. 

Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 

______  1.     Heating  a  piece  of  copper  wire  will  cause  its 

resistance  to  decrease. 

  2.     Glass  has  very  high  resistance. 

  3.     All  materials  increase  in  resistance  when  heated. 


23 


^  413 

ERLC 


Answers  to  Frame  20:     !•  _     2.  T 
Answers  to  Frame  21:     !•  _     2«  T     3«  _ 
Frame  22 

In  your  own  words  write  the  definitions  of  each  of  the 
following  terms  on  the  response  sheet. 

1.  Voltage  


2.  Current 


3«  Resistance 


4*  Conductance 


For  each  of  the  following  terms  fill  in  the  correct  symbol  on 
the  response  sheet. 

SYMBOL 

5 •  Current   

6 •  Voltage   

?•  Resistance   

8.  Conductance   

Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 

  9.    Heating  a  piece  of  aluminum  wire  will  cause  its 

resistance  to  increase. 

  10.    The  longer  a  wire  is  the  more  resistance  it  will  have. 

____  11.    The  larger  the  diameter  of  a  wire  the  more  resistance 
it  will  have. 

  12.    Copper  and  aluminum  have  very  low  resistance. 

  13.    The  unit  of  measure  for  current  is  the  ampere. 

  14.    The  unit  of  measure  for  conductance  is  the  ohm. 

  15.    The  unit  of  measure  EMF  is  the  volt. 
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Answers  to  Frame  22: 


1*  the  force  that  causes  electrons  to  move  through  a  conductor* 

2«  the  movement  of  electrons  through  a  conductor* 

3«  the  opposition  to  the  flow  of  electrons* 

4»  the  ability  of  a  material  to  conduct  current. 

5.  I      6.  E      ?•  R     8.  G     9.  T     10.  T      11.         12.  T      13.  T 


14.         15.  T 


Frame  23 


The  effects  of  current  flow  such  as  heat>  chemical >  shock,  and 
magnetism  depend  for  their  Intensity  on  the  amount  of  current.  Heat 
is  produced  when  current  flows  through  a  conductor.    You  have 
probably  seen  applications  of  the  heating  effects  of  current.  Also 
you  probably  have  experienced  electrical  shock  in  one  form  or  another. 
The  chemical  effect  of  current  can  be  observed  when  charging  a 
storage  battery  such  as  the  one  you  have  in  your  automobile*  The 
magnetic  effect  can  be  both  harmful  and  helpful.    In  the  harmful 
category  it  can  cause  errors  In  some  meters  and  compasses  in  air- 
crafty  if  not  guarded  against*    In  the  useful  category  it  makes 
possible  the  remote  control  of  circuits*    It  is  also  used  in  voltage 
generation*    You  will  study  magnetism  in  greater  depth  in  a  later 
lesson* 

Mark  the  correct  answer  for  each  of  the  following  questions 
on  the  response  sheet. 

  ^1.    More  heat  is  produced  when  the  current  flow  through 

a  conductor  is 

a.  Increased. 

b .  decreased. 
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Answers  to  Frame  23:     1.  a 
Frame  24 

Match  the  terms  on  the  right  to  their  description  on  the  left. 
Place  the  correct  letter  on  each  blank  provided  on  the  response  sheet* 

NOTE:    Letters  may  be  used  more  than  once. 

  1.     Positively  charged  a«  Neutron 

  2,    Negatively  charged  b.  Proton 

  3,    No  electrical  charge  c.  Electron 

4«    Revolves  around  the  nucleus 


Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet* 

  5.    A  positive  ion  has  more  protons  than  electrons. 


6«    Normally  an  atom  has  the  same  number  of  electrons  as 
protons. 

7*    An  atom  that  has  gained  an  electron  would  be  called 
a  negative  ion. 

8«  A  good  conductor  contains  many  free  electrons. 

9.  An  example  of  a  good  insulator  is  rubber* 

10.  An  example  of  a  good  conductor  is  copper* 

11.  A  good  insulator  has  few  free  electrons* 

12.  Like  charges  attract  each  other. 

13*    An  atom  with  nine  electrons  and  seven  protons  would 
be  positively  charged. 

14.  Electrons  flow  from  a  positive  potential  to  a  negative 
potential. 

15.  EMF  and  voltage  have  similar  meanings. 

16.  The  flow  of  electrons  through  a  conductor  is  called  voltage. 

17.  Heating  an  alumxnum  wire  will  cause  its  resistance  to 
increase. 

18.  If  all  other  factors  are  idei  ^.ical,  a  copper  wire  three 
feet  long,  will  have  more  resistance  than  one  two  feet  long. 

19.  Copper  has  much  lower  resistance  than  rubber^ 
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Fratae  24  (ContM) 
Fill  in  the  blanks  with  the  correct  term  on  the  response  sheet. 

20.  The  movement  of  electrons  from  a  negative  to  a  positive  potential 
Is  called  

21.  The  force  that  causes  electrons  to  move  through  a  conductor  is 
called  

22.  The  ability  of  a  material  to  conduct  current  Is  called 


23.    The  opposition  to  the  flow  of  electrons  Is  called 


For  each  of  the  following  terms  on  the  response  sheet,  write  the 
symbol  and  the  unit  of  measure  on  the  correct  line.    A  list  of  symbols 
and  units  of  measure  are  given  below. 


TERMS 

Resistance 
Current 
Conductance 
Voltage 


SYMBOL 

24.   

26.   

28.   

30. 


SYMBOLS 
E 
I 
R 
G 


UNITS  OF  MEASURE 

Mho 

Ohm 

Volt 

Ampere 
UNIT  OF  MEASURE 

25.   

27.   

29.   

31. 
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Answers  to  Frame  24:     1.  b     2.  c     3.  a     4.  c     5.  T     6.  T     7.  T 
8.  T     9.  T     10.  T     11.  T     12.         12.  _     14,  _     15.  T     16.  _ 
17.  T     18.  T     19.  T     20.  current     21.  voltage  or  EMF     22.  conductance 
23.  resistance     24.  R     25.  ohm     26.  I     27.  ampere     28.  G     29.  ^ 
30.  E     31.  volt 


28 


PROGRAMMSn  TgyT 
3ABR42331-PT-108 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  training  Group 
Chanute  Air  Force  Base,  Illinois 


JGNED  P9R  ATC  CQiraSR  iTgR 
DO  NOT  USE  ON  THE  JOB 


MAGNETISM 


2  March  1981 


419 


OBJECTIVES 

Identify  materials  that  can  be  used  to  make  temporary  and 
permanent  magnets  with  805  accuracy. 

Identify  tha  characteristics  of  magnetic  lines  of  force  with 
BCX  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps 
called  "Frames."    Carefully  study  the  written  material  and  diagram 
if  one  is  provided  until  you  9re  satisfied  that  you  understand  its 
contents.    Each  frame  requires  you  to  respond  to  th'  infomation  in 
some  way.    For  example,  you  may  be  required  to  select  the  true 
statements,  etc.    Specific  instructions  are  provided  In  each  frame. 
After  you  have  made  your  response  on  the  response  sheet,  co^>ere 
your  answers  with  the  answers  given  at  the  beginning  of  the  next 
frame.    If  you  are  correct,  go  on  to  the  next  frame.    If  you  are 
incorrect,  study  the  frame  again  and  correct  your  alstakes  before 
continuing.    Read  carefully,  select  the  correct  answers  and  DO  NOT 
HURRY.    DO  NOT  WRITE  IN  THIS  TEXT. 


Supersedes  3ABR42331-PT-105A,  25  August  1977. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  600;  TTVSA  -  1 


2 


ERIC 


420 


frame  1 


Things  such  as  netal  are  said  to  be  a  magnet  If  it  has  the  power 
to  draw  to  It  such  things  as  Iron,  steel,  nickel,  or  cobalt,  which  are 
known  as  magnetic  materials.    There  are  two  groups  of  magnets  known  as, 
natural  magnets  and  artificial  magnets.    First  we  wlU  discuss  natural 
magnets.   A  natural  magnet  Is  found  In  the  earth.    Back  In  the  days 
of  the  ancient  Greeks,  they  knew  that  some  stones  found  in  the  town 
of  Magnesia,  in  Asia  Minor,  drew  bits  of  iron  to  them.    These  stones 
were  called  magnetite.    The  Orientals  learned  that  If  a  piece  of 
these  rocks  were  hung  in  a  horlxonteil  plane  and  allowed  to  turn,  the 
same  end  would  always  point  to  the  north.    Then  as  time  went  on  the 
Europeans  learned  of  this  discovery  and  used  it  as  a  navigator's  compass 
to  aid  in  navigation.    Natural  magnets  have  limited  practical  use 
because  their  magnetic  force  is  not  always  the  same  and  also  very  weak. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 Natural  magnets  have  many  practical  uses. 

2«     Natural  magnets  are  very  weak  magnets. 


3 

421 


Answer  to  Frame  1:       T  1. 


2. 


Frame  2 

The  first  artificial  nagnets  were  made  by  touching  the  aetal  to 
be  magnetized  with  a  natural  magnet.    In  later  years  it  was  found  - 
that  an  iron  bar  could  be  magnetised  by  aligning  the  bar  with  the 
magnetic  field  of  the  earth  when  it  was  being  forced.    In  the  madem 
times  of  today,  magnets  are  made  by  placing  a  metal  bar  in  a  magnetic 
field  made  by  an  electrical  current.    W  will  look  at  this  kind  of 
magnetism  later  In  this  text.    Man  made  magnets  are  msde  in  a  wide 
variety  of  sizes  and  ahi^s,  and  they  are  used  aostly  in  electrical 
equipment.    The  bar  magnet,  the  horseshoe  magnet »  and  coi^ass  needle 
are  the  most  common  eypes  of  artificial  magnets  today.    Any  si^tance 
which  is  capable  of  being  magnetised  or  can  be  drawn  to  a  magnet  is 
called  a  magnetic  substance.    Some  common  magnetic  substances  are 
iron,  iron  alloys  such  as  steel  and  alnlco,  cobalt,  and  nickel.  All 
of  the  substances  that  are  not  attracted  by  a  magnet  are  usually  called 
nonmagnetic  substances.    Some  comon  exmpljtm  of  these  are  wood,  glass 
copper,  and  gold.    For  our  purpose  in  this  text,  we  are  chiefly  con- 
cerned with  substances  which  are  noticeably  attracted  by  a  magnet 
and  as  a  result  of  that,  we  are  not  going  to  get  involved  in  a  more 
detailed  classification  system. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a        on  the  response 
sheet • 

1«     A  bar  of  alnico  could  be  made  into  a  magnet. 

 2.     Glass  is  generally  considered  to  be  a  nonmagnetic  sub8tan<*e. 

 ^3.     Artificial  magnets  can  be  made  by  using  an  electrical  current. 
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Answers  to  Praae  2:       T  1.   _T2.      T  3. 


Frame  3 


Man  made  magnets  may  be  termed  as   permanent"  or  "ten(>orary" 
depending  on  how  weU  they  can  hold  their  magnetic  strength  after  the 
magnetizing  force  has  been  removed.    Filings  of  soft  iron  brought  into 
contact  with  a  magnet  will  become  magnetized  and  act  as  small  magnets 
which  will  in  turn  draw  other  soft  iron  filings  to  it.    When  the  soft 
iron  filings  are  removed  from  the  magnet,  they  wlU  lose  their  magnetic 
properties  fast.    Any  magnet  which  loses  its  magnetism  in  a  very  short 
time  is  called  a  temporary  magnet.    Substances  such  as  hard  steel  and 
alnico  WlU  become  hlgjily  magnetized  when  brought  Into  contact  with 
a  magnet  or  close  to  a  strong  magnetic  field.    The  state  of  magnetism 
will  be  held  over  a  long  period  of  time.    Any  magnet  which  can  hold 
its  magnetism  over  a  long  period  of  time  is  called  a  permanent  magnet. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  stacements  with  a  "T"  on  the  response 
sheet. 

 1.     Hard  steel  can  be  made  Into  a  good  permanent  magnet. 


_2.  Teii?)orary  magnets  retain  their  magnetism  for  long  periods. 
_3.      Soft  Iron  makes  good  permanent  magnets. 
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Answers  to  Fraae  3:  T_l. 


2, 


3. 


Frame  4 

Uhen  a  bar  magaet  labeled  A  In  figure  1  belovii  is  suspended  so 
that  it  is  free  to  8wing»  it  vill  siring  around  and  cone  to  rest  with 
one  end  pointing  nearly  due  north*    Vhen  this  effect  vas  first 
established  9  it  vas  decided  arbitrarily  to  call  tb^  north-seeking 
end  of  the  sagnet  a  north  pole*    The  other  end  vas  called  the  south 
pole.    These  designations  for  the  ends  of  a  magnet  are  still  used. 
Frequently  >  permanent  aagnets  are  marked  N  at  the  north  pole  and  S 
at  the  south  pole.    If  the  north  pole  of  a  second  magnet >  labeled  B 
in  figure  2»  is  brou^t  into  the  vicinity  of  the  north  pole  of  the 
suspended  magnet  A»  magnet  A  viU  be  pushed  sway  In  the  direction  of 
the  arrov  at  that  point.    From  this  effect  ve  have  the  folloving 
fundamental  lav  of  magnetism:    like  magnetic  poles  repel  each  other. 
If  the  south  pole  of  magnet  B  in  figure  3  is  placed  into  the  vicinity 
of  the  north  pole  of  magnet  A»  vsagnet  A  vill  be  pulled  in  the  direction 
of  the  arrov  at  that  point.    This  effect  forms  the  ba^is  of  another 
fundamental  lav  of  maguetism:    Unlike  masjaetic  poles  attract  each  other. 


W8^^«  !•  Figure  2,  Figure  3, 


DO  NOT  MARK  IN  THIS  TEXT, 

Mark  the  folloving  true  statements  vith  a  ''T"  on  the  response 
sheet • 

 1,     Tvo  south  magnetic  poles  vill  attract  each  other, 

 2,     The  magnet  in  figure  1  vill  have  i-  s  north  pole  pointing 

nearly  due  north, 

 ^3,     Figure  3  shows  an  example  of  tvo  magnets  repelling  each 

other. 
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Answers  to  Frame  4:   ^1.    _T_2.  3, 


Frame  5 


If  a  bar  magnet  is  dipped  into  filings,  a  large  number  of  those 
tilings  will  cling  to  the  magnet  near  its  ends,  but  very  few  will 
attach  themselves  to  the  magnet  near  its  center.    See  figure  4  below. 
This  shows  that  the  magnetic  force  is  concentrated  at  the  ends  or  poles 
ot  the  magnet.    The  space  surrounding  a  magnet,  in  which  the  magnetic 
force  acts,  is  called  a  magnetic  field.    An  experiment  has  been  done 
tor  you,  in  figure  5,  using  a  magnet,  a  piece  of  paper,  and  some  iron 
tilings  used  to  show  the  invisible  magnetic  field  pattern  around  a 
magnet.    One  point  you  should  remember  is  that  you  are  not  looking  at 
the  magnetic  field  itself,  because  the  field  is  invisible;  you  are 
looking  at  the  filings  which  are  used  to  detect  the  magnetic  field. 
The  magnetic  field  around  the  magnet  causes  the  iron  filings  to  form 
themselves  Into  lines  that  circle  the  magnet.    These  lines  are  called 
lines  of  force. 


Figure  5. 


DO  NOT.  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 ^1.      A  large  number  of  iron  filings  will  attach  themselves 

to  the  center  of  a  magnet. 

 2.      The  area  around  a  magnet  where  its  force  can  be  felt 

is  called  its  magnetic  field. 

 ^3.      From  studying  figure  1  you  might  estimate  that  the  magnetic 

field  around  the  S  pole  of  the  magnet  is  as  strong  as  the 
field  around  the  N  pole. 
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Answers  to  Frame  5: 


1^       T    2.       T  3, 


Frame  6 

In  frame  5,  we  saw  the  magnetic  field  pattern  around  a  magnet. 
A  simple  and  more  commonly  used  method  is  that  of  arbitrarily  repre* 
senting  the  forces  in  a  magnetic  field  by  drawing  a  few  lines  called 
lines  of  force*    See  figure  6  below.    Note  one  thing  in  particular 
that  is  revealed  by  figure  6;  the  concentration  of  magnetic  field 
within  the  metallic  bar  is  very  greats  while  the  concentration  of  the 
external  field  decreases  very  rapidly  with  distance  from  the  poles. 
Observe  also  that  arrowheads  have  been  placed  on  each  of  the  lines 
of  force  of  the  external  field.    The  direction  of  the  arrowheads  is 
away  from  the  north  pole  and  toward  the  south  pole  of  the  magnet » 
In  other  words  the  arrowheads  indicate  that  the  lines  of  force  leave 
the  magnet  at  the  north  pole  and  enter  the  magnet  at  the  south  pole.^ 
Within  the  substance  cf  the  magnet  the  direction  of  the  force  is 
assumed  to  be  from  the  south  pole  to  the  north  pole  so  that  a  con<- 
t'lnuous  loop  is  formed  by  each  line  of  force.    The  direction  of 
magnetic  lines  of  force  is  defined  as  the  direction  in  ^ich  the 
north  pole  of  a  compass  needle  will  point  if  placed  at  any  point 
along  a  line  of  force* 


Figure  6. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet  • 

 !•     The  farther  you  are  from  a  magnet  the  stronger  the  magnetic 

force  is, 

 2.     The  lines  of  force  go  from  north  to  south  inside  the 

magnet • 

 ^3.     The  magnetic  field  is  concentrated  inside  the  magnet. 

4>     Each  line  of  force  forms  a  continuous  loop. 
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Answers  to  Frame  6: 


1.   t.       T_3.  T4. 


Frame  7 

There  are  two  forces  which  act  upon  the  lines  of  force.    One  is 
the  mutually  repellant  force  that  causes  them  to  try  to  spread  out 
as  far  away  from  one  another  as  possible.    The  other  is  the  force 
of  attraction  that  they  have  for  the  south  pole  of  the  magnet;  that 
is  as  they  travel  externally  from  the  north  pole  to  the  south  pole, 
they  try  to  take  the  shortest  path  to  the  south  pole*    These  two 
opposing  forces  account  for  the  pattern  of  the  lines  of  force  that 
are  formed  around  the  magnet.    The  two  opposing  forces  acting  upon 
the  lines  of  force  cause  the  lines  of  force  to  behave  as  if  they 
were  elastic  bands  stretched  out  in  the  field  of  the  magnet •  Because 
of  this,  if  the  magnetic  force  decreases,  the  lines  of  force  will 
tend  to  collapse  toward  the  magnet.    If  the  magnetic  field  is 
increased,  the  lines  of  force  will  eaqpand.    The  greater  the  strength 
of  the  magnet,  the  farther  out  into  space  surrounding  the  magnet  its 
magnetic  force  will  extend.    Also,  when  the  strength  of  a  magnet  is 
increased,  the  nuniber  of  lines  of  force  in  the  magnetic  field  will 
also  Increase,    This  Increased  number  of  lines  of  force  results  In 
the  lines  being  closer  together. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 ^1.     The  stronger  the  magnetic  field  the  more  linee  of  force 

that  a  magnet  will  have* 

 Lines  of  force  act  as  if  they  are  elastic  bands. 

 ^3.     The  greater  the  strength  of  a  magnet,  the  closer  together 

the  lines  of  force  are. 
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Answjera  to  Fraae  7t       T    1,       T    2.       T  3, 


Frame  8 

There  are  several  basic  lavs  concerning  magnetic  fields.  We 
have  already  discussed  that  (1)  lixies  of  force  travel  from  north  pole 
to  south  pole  outside  the  magnet  (south  to  north  inside  the  magnet) ; 
(2)  lines  of  force  form  continuous  loops;  and  (3)  lines  of  force  are 
elastic  and  act  as  if  under  tension.    In  figure  6»  ve  observed  that 
the  lines  of  force  never  crossed  one  another.    Magnetic  fields  (lines 
of  force)  have  no  knofun  insulator.    There  is  no  known  substance  in 
the  world  throu^  vhich  a  magnetic  field  caxmot  pass. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  follofving  true  statements  with  a  "T"  on  the  response 
sheet . 

 1.     Rubber  does  not  allow  the  passage  of  lines  of  force. 

2.  Lines  of  force  will  never  cross  one  another. 

3.  Lines  of  force  are  only  continuous  on  the  outside  of  the 
magnet. 

 4.     Lines  of  force  travel  from  north  to  south  outside  the 

magnet « 
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Answers  to  Frame  8: 


1. 


T  2. 


3. 


T  4. 


Frame  9 

When  a  bar  magnet  Is  broken  into  two  separate  pieces  (refer  to 
figure  7  below)  it  can  be  easily  shown  that  each  piece  will  have  a 
north  pole  and  a  south  pole.    Thi  piece  which  contains  the  north 
pole  of  the  original  magnet  will  establish  a  south  pole  at  the  end 
wiere  the  break  occurred,  and  the  piece  that  had  the  south  pole  of 
the  original  magnet  will  establish  a  north  pole  at  the  end  where 
the  break  occurred.    Each  of  the  broken  pieces  of  the  original 
magnet  can  be  broken  Into  two  more  pieces  and  you  will  have  four 
magnets.    Each  time  the  magnet  Is  broken,  a  new  pole  is  established 
at  the  newly  broken  end  and  that  pole  is  of  the  opposite  type  to  the 
pole  at  the  other  end.    If  you  would  continue  to  break  the  magnet 
successively  In  half  until  molecular  size  were  obtained,  you  would 
find  that  the  tiny  molecule  is  a  magnet  possessing  both  a  north  pole 
and  a  south  pole,  with  its  own  magnetic  field. 


Poles  of  a  bar  magnet 


B 

Poles  of  a  bar  magnet 
After  breakage 

Figure  7. 

These  tiny  magnets  which  are  so  small  that  they  cannot  be  seen 
with  a  microscope,  are  thought  of  as  being  originally  jumbled  at 
random,  wrlth  no  definite  order.    This  is  Illustrated  In  part  A  of 
figure  8.    Considering  that  these  molecules  are  tiny  magn-ats,  you 
might  expect  that  they  would  automatically  align  themselves  to  form 
a  magnet.    Internal  stress  in  the  iron  or  steel  can  override  the 
small  magnetic  fields  of  these  magnets  and  hold  them  Immobile,  so 
that  they  maintain  their  haphazard  alignment.    An  artificial  magnet 
can  be  made  by  stroking  an  iron  or  steel  bar  with  a  permanent  magnet, 
as  shown  in  part  A  of  figure  8,  provided  that  the  strokes  are  made 
in  the  same  direction.    If  this  process  is  continued,  we  can  align 
the  molecules  as  shown  in  part  B  of  figure  8  and  we  have  a  magnet. 
This  process  Is  referred  to  as  magnetic  induction.    Heating  or 
jarring  a  magnet  greatly  weakens  its  magnetic  force,  since  both  of 
these  processes  make  it  easier  for  the  molecules  to  move  back  to 
their  randomly  oriented  position. 
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Frame  9  (Continued) 


/  OiNKCTlpNOr 


uiimiimTitio  «Tut 

—  ft 

■  t  • 

•      r  « 

■  V 

■  ■ 

•  ■       '     ■  •<  .1 

iiAMtTizc»  truk 

Figure  8« 

DO  NOT  MARK  IN  THIS  TEXT^ 

Mark  the  following  true  statexaents  with  a  "T"  on  the  response 
sheet • 


JL«     A  loagnet  Is  thought  to  be  cocposed  of  nany  tiny  magaets^ 
each  with  Its  own  i&agnetlc  field* 

2.     The  molecules  of  steel  will  automatically  align  themselves 
to  form  a  meignet. 
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Answers  to  Frame  9:       T    1,  2. 

Frame  10 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet  • 

 !•     Flow  from  south  to  north  inside  the  magnet. 

2.     Form  continuous  loops. 
 ^3.     Will  pass  through  any  substance. 


3*     Will  cross  only  at  the  poles. 

J5.     Are  concentrated  Inside  the  magnet. 


J>.     Are  elastic  and  act  as  if  under  tension. 


Write  the  letter  for  one  correct  answer  of  the  four  given  on  the 
response  sheet. 

7.  Which  of  the  following  substances  are  used  in  making 
temporary  magnets? 

a*     Hard  steel. 

b.  Soft  iron. 

c.  Soft  silver. 

d.  Glass. 

8.  Which  of  the  following  substances  are  used  in  making 
permanent  magnets? 

a.  Hard  steel. 

b.  Soft  iron. 

c.  Soft  silver. 

d.  Glass. 
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Frame  10  (Continued) 

00  NOT  MARK  IN  THIS  TEXX. 

IMEK  the  following  true  eteteaents  ^th  %  **T"  on  the  response 
sheet* 

 9#     Unlace  i&agnetlc  poles  repel  ssch  other  • 

 10 «     Femsnent  Mgnets  retein  their  Mgnetism  for  long  periods 

of  time* 

!!•     The  space  surrounding  e  Mgnst  in  nhioh  the  magnetic  lines 
of  force  exist  is  celled  m  wignetlc^  flel4« 

 12.     If  a  aagnet  is  broken  in  iMlf^  It  ^ilXl  no  lon^  have 

any  magnetic  strength* 

 13 «     All  of        foUxwing  are  «ood  magnetic  sabstances:  alnlco, 

cobalt t  steel t  and  fold* 
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Answers  to  Frame  10:       T    1>       T    2.       T    3,   4.       T  5, 

T    6.    7.    b     8.    a   ?•       T  10. 


T    11.   ^12.   ^13. 


Frame  11 

There  are  a  few  terms  related  to  magnetism  that  you  should  be 
familiar  with.    The  first  term  is  permeability,  which  is  the  measure 
of  the  ease  with  which  a  given  material  can  conduct  magnetic  lines 
of  force  as  compared  to  air.    The  permeability  of  a  vacuum  is  chosen 
to  have  a  value  of  1.    The  permeability  of  air  has  a  value  of  i,b0004; 
thusy  for  all  practical  purposes  it  can  be  considered  as  equal  to  1. 
The  permeability  of  iron  is  very  high,  depending  upon  the  grade, 
generally  about  10,000.    This  means  that  the  magnetic  field  will  find 
a  path  through  iron  that  is  10,000  times  easier  to  follow  than  that 
through  air.    The  property  of  permeability  is  used  to  direct  and 
concentrate  a  magnetic  field  with  respect  to  a  given  point  in  space. 
Figure  9  shows  how  a  magnetic  field  between  the  north  and  south  poles 
of  a  bar  magnet  Is  distorted  or  directed  into  a  desired  path  through 
a  soft  iron  bar.    An  Important  application  of  this  property  of  permea- 
bility is  the  use  of  magnetic  shields >  which  are  made  of  highly 
permeable  materials,  such  as  soft  iron,  to  protect  delicate  instru- 
ments from  damage  due  to  an  external  magnetic  field.    If  any  magnetic 
substance  is  placed  in  a  magnetic  field  it  can  become  mange tised. 
Many  delicate  instruments,  such  as  watches  and  meters,  are  rendered 
quite  useless  if  some  of  their  parts  become  magnetized. 


sorr  RON  BAH 
Figtire  9. 

If ,  as  in  figure  10,  a  soft  iron  ring  is  placed  around  the 
Instrument  to  be  protected,  the  lines  of  force  from  the  magnetic 
source  will  follow  the  permeable  path  through  the  soft  ring,  and 
thus  be  deflected  away  from  the  instrument  inside.    Your  watch 
is  probably  another  example  of  shielding.    The  back  of  it  probably 
specifies  that  your  watch  Is  antimagnetic  or  nonmagnetic.  This 
means  that  the  back  Js  made  up  of  a  highly  permeable  material. 
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Frame  11  (Continued) 


Figure  10* 

DO  NOT  MARK  IN  THIS  TEXT. 

Fill  In  etiSh  blank  with  the  correct  term  on  the  response  sheet. 

!•     The  measure  of  the  ease  with  which  a  given  material  can 
conduct  magnetic  lines  of  force  as  cooq>&    i  to  air  is 
c.>0.1ed  ^  

2«     A  highly  permeable  substance  used  to  protect  a  delicate 
instrument  from  magnetic  lines  of  force  is  called  a 
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Answers  to  Frame  11:    1.    permeability     2.    magnetic  shield 


Frame  12 

Another  term  that  you  should  be  familiar  with  is  retentivity, 
which  is  the  ability  of  a  material  to  retain  its  magnetism.  Since 
steel  holds  its  magnetism  longer  than  soft  iron^  steel  has  much  more 
retentivity  than  does  soft  iron.    It  means  that  a  material  with  good 
retentivity  will  make  a  good  permanent  magnet.    Another  term  that 
is  very  similar  to  retentivity  is  residual  magnetism. 

Residual  magnetlpm  is  the  amount  of  magnetism  held  by  a  substance 
after  the  magnetizing  force  has  been  removed. 

Hard  steel  will  have  very  high  residual  magnetism  so  it  has  high 
retentivity,  whereas,  soft  iron  will  have  small  amounts  of  residual 
magnetism  and  a  low  retentivity. 

DO  NOT  HARK  IN  THIS  TEXT. 

Fill  in  the  blanks  with  the  correct  terms  on  the  response  sheet. 

1.     The  amount  of  magnetism  retained  by  a  substance  after 

the  magnetizing  force  ic  removed  is  called   • 


2.  The  ability  of  a  material  to  retain  its  magnetism  is 
called   ^ 

3.  Tenq>orary  magnets  have  (small/large)  

amouuts  of  residual  magnetism  and  (high/low)  

retentivity. 

4.  Permanent  magnets  have  (higjh/low)   

retentivity  and  large  amounts  of  magnetism. 
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Anmers  to  Frame  12:    1«    residual  mgnetlem     2«  retentlvlty 

3«    email >  low     4*    hl^»  realdiial 

Frame  13 

The  next  term  you  viU  be  concerned  with  In  your  study  of 
mAgnetlea  la  maanetlc  eaturatlon^    k  eubetance  la  eeld  to  be 
magnetically  aaturated  If  Increaalng  the  atrengdi  of  the  ^ fn^tlwfug 
force  win  not  produce  any  additional  magnetic  field  la  the  aybatance« 
The  type  of  material  that  la  being  magnarlied  will  determlme  tha 
point  nhere  the  material  becomea  magnetically  aaturated«   Soft  iron 
haa  a  such  lower  aaturatlon  point  than  steel  or  alnlco« 

DO  NOT  K&RK  IN  THIS  TEST* 

Nark  the  following  true  etatementa  with  a       on  the  reaponae 

sheet « 

 1«     All  magnetic  materiala  have  the  aama  eaturation  point « 

 2.     Increaalng  the  atrengdi  of  tibe  magnetic  aource  ibove  the 

aaturatlon  point  will  cauae  a  rapid  Increaae  in  magnetlaal 
of  the  material  being  magnetiaed« 

 3.     Steel  will  reach  Ita  aaturatlon  point  before  soft  lron« 
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Answers  to  Frame  13:   ^1.   2.  3. 


Frame  14 


DO  NOT  MARK  IN  THIS  TEXT* 


Match  the  terms  on  the  right  to  their  definition  on  the  left  by 

placing  the  correct  letter  in  the  blank  provided  on  the  response  sheet, 

DEFINITIONS  TERMS 

 !•     Highly  permeable  material  used        a*  Magnetic  satxiration 

to  protect  delicate  instruments 

from  damage  due  to  an  external        b*  Permeability 
magnetic  field • 

c.  Magnetic  shield 

 2.     Measure  of  ease  with  which  a 

given  material  can  conduct  d*  Residual  magnetism 

lines  of  force* 

e.  Retentivity 


sheet* 


Ability  of  a  material  to 
retain  its  magnetism* 

Point  where  the  magnetic 
streugth  of  a  material  will 
not  Increase  with  an  Increase 
In  the  magnetizing  force. 

Amount  of  magnetism  retained 
by  a  substance  after  the 
magnetizing  force  is  removed* 

Mark  the  following  tnie  statements  with  a  "T"  on  the  resp  \8e 


10, 


Soft  iron  will  make  a  good  permanent  magnet* 

A  permanent  magnet  will  retain  Its  magnetic  force  for  a 
long  period  of  time. 

Two  north  poles  will  attract  each  other* 

Magnetic  field  is  concentrated  Inside  the  magnet* 

The  stronger  the  magnetic  field  the  more  lilies  of  force 
that  f.  magnet  will  have. 


_,11.  Lines  of  force  flow  urom  north  to  south  outside  the  magnet* 
^12.      Hard  steel  will  have  higher  retentivity  than  soft  iron* 
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Answers  to  Frame  14:    _c_l.       b.._2.    _e_3.    __a^A.  _d_5. 

 6.       T    7.   8.       T   9.       T  10. 

T   11.       T  12. 

Frame  15 

Up  to  this  point  we  have  been  concerned  with  the  characteristics 
of  magnets  and  their  magnetic  fields.    It:  the  next  frames  you  will 
begin  tc  see  the  tie-in  between  magnetism  and  current  flow.  You 
will  learn  how  an  electromagnet  works  and  see  some  examples  of  how 
we  use  magnets. 

An  electric  current  has  with  it  certain  magnetic  effects  and  these 
effects  obey  definite  laws.    If  a  coa?>*M  i»  Pl*c«d  close  to  a  current 
carrying  conductor,  the  needle  aUgns  itself  at  ritfit  angles  to  the 
wire,  thus,  it  shows  that  a  magnetic  field  is  there,  see  figure  12 
beloi.   Thi  presence  of  this  magnetic  force  can  be  shown_^  sprinkling 
iron  f lUngs  on  the  flat  piece  of  paper  this  current  carrying  conductor 
goes  throuSh.  see  figure  11  belW.    This  shows  thaf.  a  magnetic  field 
exists  in  circular  form  around  the  wire. 


Figure  11. 
DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

1.     Lines  of  force  exist  around  a  conductor  that  has  current 
flowing  in  it. 

 2,     Lines  of  force  form  complete  circular  loops  around  a 

current  carrying  conductor. 

3.     A  conductor  will  always  have  a  magnetic  field  around  it. 
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Answers  to  Frame  15:       T    1>       T  2> 


3. 


Frame  16 


In  the  last  frame  we  saw  that  a  magnetic  field  does  exist  around 
a  current  carrying  conductor  (wire) .    This  magnetic  field  is  very 
much  like  the  magnetic  field  around  a  permanent  magnet.    We  also 
saw  that  the  lines  of  force  do  form  circles  around  a  current  carrying 
conductor.    Each  line  of  force  around  the  wire  acts  much  like  an 
elastic  band^    When  current  in  the  wire  goes  up  more  lines  of  force 
are  stretched  farther  out  from  the  wires,  but  as  soon  as  current  flow 
goes  down,  some  lines  spring  back  toward  the  wire.    Thus  lines  of  force 
act  as  if  they  were  under  tension.    The  circular  lines  around  the 
conductor  in  figure  13  below  show  that  the  lines  of  force  are  all 
along  the  full  length  of  the  wire. 


Mark  the  following  true  statements  with  a  "T"  concerning  lines 
of  force  around  a  current  carrying  conductor  on  the  response  sheet. 

 ^1.     Form  complete  circles  around  the  conductor. 

 2.     Act  as  if  they  are  under  tension. 

 Extend  farther  into  space  when  the  current  flow  through 

the  conductor  is  increased. 
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Answers  to  Frame  16:       T    1.       T    2.  T3. 


Frame  17 

Lines  of  force  around  a  conductor  have  another  distinguishing 
trait  in  that  they  form  at  right  angles  to  the  direction  of  current 
flow*    The  magnetic  field  around  a  straight  conductor  does  not  have 
a  north  or  a  south  pole  since  the  lines  of  force  are  in  circles.  The 
way  in  which  current  is  flowing  through  a  conductor  determines  the 
direction  of  the  magnetic  field  around  It.    A  sisqple  rule  used  to 
find  the  direction  of  the  magnetic  field  when  the  direction  of  current 
flow  is  known  is  the  left  hand  rule*    It  can  be  stated  as  follows: 
Grasp  the  conductor  in  the  left  hand  with  the  thtxnb  pointing  In  the 
direction  of  current  flow  as  shown  in  figi'ure  14  below.    The  fingers 
will  point  the  way  the  magnetic  field  goes  around  the  conductor* 
This  rule  can  also  be  used  to  find  the  direction  of  current  flow 
through  a  conductor »  if  the  direction  of  the  magnetic  field  is  known. 


Figure  14. 


DO  NOT  MARK  IN  THIS  TEXT. 

Fill  in  the  blanks  with  the  correct  word(s)  on  the  response  sheet. 

1.  The  direction  of  the  magnetic  field  is  determined  by  the 
direction  of  the  through  the  conductor. 

2.  Reversing  the  current  through  a  conductor  will 

the  direction  of  the  magnetic  field  surrounding  it. 

3.  Increasing  the  amoimt  of  current  flowing  through  a  conductor 

will  the  strength  of  the  magnetic  field 

around  it. 
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Answers  to  Frame  19; 


!•   ^2.       T3.       T_4.       T  5. 


Frame  20 


The  magnetic  fields  of  two  parallel  wires  with  their  current 
flowing  in  the  same  direction  are  shown  in  figure  17  below. 


Figure  17. 

Notice  that  in  the  area  between  the  conductors,  the  magnetic  lines 
of  force  oppose  each  other,  while,  the  rest  of  the  lines  of  force  Join 
to  form  complete  magnetic  loops  Which  are  stronger  than  the  field 
around  either  of  the  separate  conductors.    The  magnetic  fields  of  the 
two  conductors  will  join  only  if  the  currents  are  flowing  in  the  same 
direction. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.      The  magnetic  fields  of  two  parallel  conductors  with  current 

flow  in  the  same  direction  will  be  additive. 

 2.     The  magnetic  fields  of  two  parallel  conductors  with  current 

flow  in  opposite  directions  will  be  additive. 

 ^3.      The  magnetic  lines  of  force  between  two  parallel  conductors 

with  current  flow  in  the  same  direction  will  combine. 

 ^4.      The  number  of  parallel  conductors  with  current  flowing 

in  the  same  direction  determine  the  overall  magnetic 
strength. 
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Answers  to  Frame  20:  T 


2. 


3.  T_4. 


Fraae  21 

When  a  wire  is  wound  into  a  coll  of  maxy  loops  or  turns »  the 
ma^etlc  fields  around  all  the  loops  of  wire  tend  to  join  to  form 
a  large  magnetic  field.    The  magnetic  field  of  this  coll  goes  one 
way  Inside  the  coll  and  the  opposite  way  outside  the  coll.  See 
figure  18  below.    The  external  lines  of  force  leave  the  coll  at  the 
north  pole  and  go  back  to  the  coll  at  the  south  pole,  just  as  In 
a  permanent  magnet*    The  same  fundamental  lam  of  magnetism  apply 
here  also.    The  polarity  of  a  cc^l  (north  or  south  vole)  is  determined 
by  the  way  current  flows  through  the  coll  windings. 


Figure  18. 


DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

 1.     The  polarity  of  a  coil  will  remain  the  same  \^en  current 

direction  is  reversed  through  it. 

 2.     Lines  of  force  travel  from  north  to  south  inside  of 

a  coll. 

 ^3.     Adding  more  turns  on  a  coil  will  cause  the  coil's  magnetic 

strength  to  increase. 
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Answers  to  Frame  21: 


2.       T  3> 


Frame  22 

Because  the  direction  of  the  magnetic  field  (polarity)  of  a  coil 
depends  on  the  direction  of  the  current  flow  through  the  coil»  it  is 
possible  to  figure  out  which  end  of  the  coil  is  the  north  pole.  A 
simple  rule  was  made  to  do  this.    This  rule  is  referred  to  as  ihe 
left  hand  nae.    This  rule  is  as  follows:    Grasp  the  coil  in  your 
left  hand  with  your  fingers  pointing  in  the  direction  of  current 
flow  through  the  cc:.l  windings,  as  shown  in  figure  19  below.  Your 
thumb  will  point  toward  the  north  pole  of  the  coil.    Care  must  be 
taken  to  be  sure  the  fingers  point  in  the  direction  of  current  flcnf 
through  the  coil  windings. 


DO  NOT  MARK  IN  THIS  TEXT. 


Fill  in  the  blanks  with  the  correct  words  on  the  response  sheet. 

1«      In  using  ;:he  left  hand  rule  as  in  figure  19  above f  your 

  point  in  the  direction  of  current  flow,  and 

your   points  toward  the  north  pole  of  the 

coil . 
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Ansvers  to  Frame  21:    fingers,  thuznb 
Frame  23 

DO  NOT  MARK  IN  THIS  TEXT. 

Caooae  one  of  the  four  ansvers  given  and  write  its  letter  on  the 
response  sheet. 

1.     The  direction  of  current  through  these  coils  is  correctly  { 
indicated  by  ,  1— 


a.  arrows  A  and  C.  ! 

! 

b.  arrows  B  and  JD.  ! 

I 

c.  arrows  A  and  D.  | 

d.  arrows  B  and  C.  ' 


2.     Circle  the  letters  of  the  coils  that  have  a  north  polarity 
at  point  X.  


a. 


6 


b. 


n 

p 

J 

0 


d. 


^  X 


p 

P 

1 

p 

p 

1 

6 
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Answers  to  Frame  23:    1.    d     2.    bt  c 


Frame  24 

In  the  last  frame  you  should  have  seen  that  if  the  coil  winding 
direction  remains  the  same  and  the  direction  of  ciarrent  flow  is 
reversed,  the  polarity  of  the  coil  will  be  reversed.    The  same  is 
true,  if  the  direction  of  current  remains  the  same  and  the  direction 
of  the  coil  winding  is  reversed;  the  polarity  will  also  reverse. 
If  the  direction  of  winding  and  current  flow  are  both  reversed  the 
polarity  will  remain  the 

DO  NOT  MARK  IN  THIS  TEXT. 

Choose  one  of  the  two  answers  given  and  write  Its  letter  on 
the  response  sheet. 

1.     Which  coll  has  the  south  pole  at  point  X? 


a.  b. 
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Answer  to  Frame  24:    !•  b 
Frame  25 

There  are  several  things  which  will  effect  the  magnetic  strength 
of  a  coll.  One  of  these  Is  the  aaount  of  current  flowing  through  the 
coll.  When  current  flow  Increases »  the  magnetic  strength  of  the  coll 
will  also  Increase.  This  factor  Is  easy  to  control  because  It  does 
not  depend  on  the  physical  make  up  of  the  coll.  Another  factor  ^Ich 
effects  the  magnetic  strength  of  a  coll  Is  the  nusber  of  turns  In  the 
coll.  The  word  "turn"  as  used  here  refers  to  a  loop  of  the  conductor 
In  the  coll.  The  more  turns  on  the  coll  the  more  magnetic  strength 
the  coll  will  have. 

DO  NOT  HARK  IN  THIS  TEXT. 

Fill  In  the  blanks  with  the  correct  wordCs)  on  the  response 
sheet. 

1.  If  current  flow  is  decreased  through  a  coil>  the  magnetic 
strength  of  the  coll  will  _ 

2.  If  two  colls  have  the  same  amount  of  current  flowing 
through  them»  then  the  one  with  five  turns  will  have 
(more/less)  magnetic  strength  than  the 
coll  with  two  turns. 
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Answers  to  Frame  25:  1. 


decrease 


2«  more 


Frame  26 


The  magnetic  strength  of  a  coll  Is  also  based  on  how  close  the 
turns  In  the  coll  are  to  each  other*    Uhen  the  turns  are  relatively 
far  apart    as  shown  below  In  part  A  of  figure  20 »  many  of  the  lines 
of  force  will  circle  one  turn  of  thi.  coll  only*    When  the  turns  are 
close  to  each  other  as  In      a  great  many  more  lines  of  force  will 
encircle  the  whole  coll*    Thtis,  coll  B  will  have  a  stronger  magnetic 
field  than  will  coll  A  (assuming  that  both  colls  have  the  same  amount 
of  current  flowing  through  them) •    The  relationship  between  magnetic 
strength  and  turns  In  the  coll  can  be  sumned  up  In  the  statement: 
"The  greater  the  number  of  turns  per  inch  In  a  coll,  the  greater  Its 
magnetic  strength  will  be/'    The  magnetic  force  of  a  coll,  which  Is 
based  on  the  turns  per  Inch  and  the  current  In  the  coll»  Is  called 
"magnetomotive  force"  and  Is  equal  to  the  current  (In  amperes)  In 
the  coll  multiplied  by  the  number  of  turns  per  Inch. 


DO  NOT  MARK  IN  THIS  TEXT. 

Fill  In  the  blanks  with  the  correct  word(s)  on  the  response  sheet. 

1.  Magnetomotive  force  can  be  Increased  either  by  Increasing 
the  turns  per  Inch  In  a  coll  or  by  Increasing  the 
  through  It. 

2.  The  nuiriber  of  turns  pel  Inch  multiplied  by  the  current 

(in  amperes)  is  equal  to  the  amount  of  ^  

force  in  a  coll. 


Figure  20. 
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Answers  to  Frame  26:    1.    current     2.  magnetomotive 
Frame  27 

We  have  jiist  seen  that  the  magnetomotive  force  in  a  coil  affects 
the  magnetic  strength  of  a  coil.    The  kind  of  material  in  the  core 
of  a  coil  also  affects  the  magnetic  strength  of  a  coil.    If  a  soft 
iron  bar  Is  inserted  into  a  coil»  the  magnetic  strength  of  that 
coil  will  be  increased  treiaendotisly.    The  reason  for  this  is  that 
the  iron  is  much  more  permeable  than  air  and  therefore »  more  lines 
of  force  will  flow  throu^  the  iron.    Vfe  stated  earlier  in  this 
progranmed  text  that  air  has  a  permeability  of  about  1.0  whereas 
soft  iron  has  permeability  of  about  10»000.    This  means  that  the 
magnetomotive  force  necessary  to  produce  one  line  of  fotce  Inside 
a  coil  with  an  air  core,  will  produce  about  10»000  lines  of  force 
if  a  soft  iron  core  is  inserted  into  the  coil.   This  is  partly  due 
to  the  fact  that  the  iron  core  becomes  magnetised  and  its  magnetic  : 
field  Is  added  to  the  magnetic  field  of  the  coil. 

DO  NOT  MARK  IN  THIS  TECC. 

Choose  one  of  the  answers  given  and  write  its  letter  on  the 
respouse  sheet. 

1.     If  the  magnetomotive  force  in  each  of  these  coils  is 

the  same  §  the  magnetic  strength  of  coil   

will  be  much  greater. 


B 


H|lh 


2.     Three  factors  mentioned  in  this  programmed  text  which 
affect  the  magnetic  strength  of  a  coil  are  (circle  the 
letter  in  front  of  the  correct  answer). 

a.  permeability  of  the  core»  flux  leakage,  and  current 
flow. 

b.  permeability  of  the  core,  turns  per  inch,  and  current 
flow. 


c.     current,  voltage,  and  resistance. 
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Answers  to  Frame  27:    1.    B     2.  b 


Frame  28 

Reluctance  Is  commonly  defined  as  the  opposition  offered  by  a 
magnetic  circuit  (for  Instance  a  coll)  to  lines *of  force.    The  reluctance 
ot  the  coil  depends  on  the  length  of  the  corey  the  cross-sectional  area 
of  the  core  and  the  type  of  material  of  the  core.    The  distinguishing 
traits  of  the  reluctance  of  a  coil  are  conqparable  to  those  of  resistance 
in  an  electrical  circuit.    A  substance  such  as  hard  steel  will  have  more 
reluctance  than  will  soft  iron  ^^ereas  soft  iron  has  hlgiher  permeability 
than  does  hard  steel.    From  this  we  can  see  that  permeability  and 
reluctance  are  opposites. 

DO  NOT  MARK  IN  THIS  TEXT. 

Fill  In  the  blanks  vlth  the  correct  word(s)  on  the  response  sheet. 

1.     The  opposition  offered  by  a  magnetic  circuit  to  lines  of 
force  is  called   ^  . 


2.     Soft  Iron  has  (Icwer /higher)   reluctance 

than  does  hard  steel. 


Ansvers  to  Frame  28:    1.    reluctance     2*  lower 


Frame  29 

When  current  flow  is  Increased »  th^  magnetic  strength  of  a  coll 
will  Increase  up  to  the  point  of  saturation  of  the  core  material  • 
At  this  point  very  little  Increase  In  aagnef  Ic  strength  will  occur 
with  a  current  Increase.    The  amount  of  current  that  can  flow  through 
the  coll  la  determined  by  the  slse  of  the  wire  In  the  collt  the 
nuBBber  of  turns »  and  the  applied  voltage. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  stateoentv'  with  a  "X"  on  the  response 
sheet. 

 1.     Magnetic  strength  will  Increase  very  rapidly  at  saturation. 

 2.     As  current  Increases  through  a  collt  the  magnetic  strength 

will  Increase  until  saturation  occurs* 

 3.     Decreasing  the  current  flow  through  a  coll  will  cause  the 

magnetic  field  to  decrease. 
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Answers  to  Frame  29: 


1. 


T  2. 


T  3- 


Frame  30 


A  current  carrying  coil  which  has  a  core  of  magnecic  material 
is  coxmnonly  called  an  electromagnet.    Many  electromagnets  use  iron 
cores  due  to  the  fact  that  iron  is  easily  magnetized.    Some  electro- 
magnets»  such  as  the  one  in 'figure  21  below^  are  so  large  and  powerful 
that  they  can  lift  tons  of  scrap  metal  at  one  time.    Other  electro- 
magnets used  in  some  electrical  and  electronic  circuits  are  very  small. 
Magnets  commonly  used  can  be  classified  as  either  permanent  magnets  or 
electromagnets  (tetq)orary) . 


DO  NOT  MARK  IN  THIS  TEXT. 

Fill  In  the  blanks  with  the  correct  word  on  the  response  sheet. 

1.     A  coil  which  is  woimd  on  a  core  of  magnetic  material  is 
called  an  


2.     Horseshoe  magnets »  bar  magnets »  compass  needles,  v>hich 

work  without  electrical  power »  are  all   

magnets »  while  magnets  which  get  their  power  from  the 
current  in  a  coil  are 


3.     Regardless  of  the  sources  of  the  fields  around  magnets » 

they  all  the  fundamental  laws  of  magnetism* 


Figure  21. 


ERIC 


451 


Answers  to  Frame  30:    1.    electromagnet     2.    permanent  electromagnets 


3.  obey 

Frame  31 

As  stated  earlier »  electromagnets  are  used  in  many  electrical 
devices  such  as  circuit  breakers »  relays  and  micropositioners.  You 
will  study  all  of  them  in  greater  detail  in  a  later  lesson*  However^ 
let  us  take  a  closer  look      the  use  of  electromagnets  in  a  meter  xised 
to  measure  current  flow* 


If  an  electromagnet  is  motmted  on  a  pivot  between  the  poles  of 
a  permai\ent  magnet  as  in  figure  22 »  aa  current  flows  througli  the  coil^ 
the  poles  of  the  electroiragnet  will  be  repelled  by  the  po^as  of  the 
permanent  magnet.    The  more  current  that  is  flowing  through  the  coil^ 
the  more  the  electromagnet  will  turn*    If  a  needle  is  attached  to  the 
coil  as  in  figure  23  below »  and  a  calibrated  scale  is  added »  we  can 
measure  the  amount  of  current  flowing  in  the  coil. 


0F( 


'I 


troFmi 

COUNTCH* 
CUOCKWISE 


O.Sm« 


Figure  22. 


EXTCflNAL 
CONNECTIONS 

Figure  23. 


DO  NOT  MARK  IN  THIS  TEXT. 


Hark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 


1.  In  figure  22  the  electromagnet  is  attracting  the  permanent 
magnet. 

2.  The  coil  in  the  meter  movement  in  figure  22  can  turn  in 
either  direction. 

3.  Electromagnets  have  many  uses  in  electrical  devices. 
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Answers  to  Frame  31:   !•   2.       T  3> 

Frame  32 

DO  NOT  MAKK  IN  THIS  TEXT. 

Select  those  £actor(s)  that  cause  the  magnetic  strength  of  an 
electromagnet  to  Increase  by  placing  a  checkmark  in  the  blank  provided 
on  the  response  sheet. 

 1.     Decrease  the  ntimber  of  turns  of  the  coil. 

 2.     Decrease  the  distance  between  the  turns  of  the  coil. 

 3.     Decrease  the  current  flow  through  the  coil. 

 4.     Replace  an  air  core  with  an  iron  core  in  the  coil. 

 5.      Increase  the  distance  between  the  turns  of  the  coil. 

 6.      Increase  the  current  flow  through  the  coil. 

 7*     Remove  the  iron  coxe  from  the  coil. 


8.     Increase  the  number  of  tun.ri  of  the  coil. 


Choose  one  of  the  answers  given  and  write  its  letter  on  the 
response  sheet. 

9.     Which  coil  has  the  north  pole  at  point  X? 

a.  b. 


10.     Which  of  the  following  would  make  the  best  magnetic  shield? 

a.  Hard  steel. 

b.  Soft  iron. 

c.  Soft  silver. 

d.  Alnico. 
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Answers  to  Frame  32:   1.       T    2>  3.       T    4«   5. 

T    6.   7.       T    8.    9.    b     10*  b 

Frame  33 

DO  NOT  MARK  IN  THIS  TEXT* 

Mark  the  following  true  statements  with  a  "T''  on  the  response 
sheet* 

 1#     Soft  iron  is  used  to  make  temporary  magnets* 


JZ*     Permanent  magnets  retain  dieir  magnetism  for  long  periods 
of  time* 

_3*     Like  magnetic  poles  will  attract  each  other* 


4*     Alnico  Is  used  in  making  permanent  magnets* 


5*     The  space  surrounding  a  laagnet  in  which  the  magnetic 
force  acts  Is  called  a  magnetic  field* 

Select  the  statement (s)  that  correctly  describe  the  magnetic 
lines  of  force  by  placing  a  checkmark  In  the  blank  provided  on  the 
response  sheet* 

6*     Are  elastic  and  act  as  if  under  tension* 

7*     Will  cross  at  £he  poles* 

 ^8*     Will  not  pass  through  glass* 


9*     Form  continuous  loops* 


10*     Flow  from  south  to  north  outside  the  magnet* 

Fill  in  the  blanks  with  the  correct  term  on  the  response  sheet* 
A  list  of  terms  is  given  below  for  you  to  use. 

11*     The  measure  of  the  ease  with  v^ich  a  Reluctance 
given  material  can  conduct  magnetic 

lines  of  force  as  compared  to  air  is  Retentivlty 
called  * 

Residual  Magnetism 

12*     The  amount  of  magnetism  retained  by 

a  substance  after  the  magnetissing  Permeability 
force  is  removed  is  called  * 

Magnetic  Shield 

13.     A  highly  permeable  substance  used  to 

protect  a  delicate  instrument  from  Magnetic  Saturation 

magnetic  lines  of  force  is  called 
a  • 

14*     The  ability  of  a  material  to  retain 

its  magnetism  is  called  . 
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Frame  33  (Continued) 


15.  Point  vhere  the  nagnetlc  strength  of 
a  material  will  not  Increase  with  an 
Increase  In  the  magnetising  force 

Is  called  ^ 

16.  The  opposition  offered  by  a 
magnetic  circuit  to  lines  of 
force  Is  called  . 

Answers  to  Frame  33: 

T  1. 

T  2. 

3. 


T  4. 


T  5. 


T  6. 


7. 


8. 


T  9. 


10. 


11.  Permeability 

12.  Residual  Magnetism 

13.  Magnetic  Shield 

14.  Retentlvlty 

15.  Magnetic  Saturation 

16.  Reluctance 
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OBJECTIVES 


1.  Relate  basic  facts  to  the  generation  of  an  electromotive  force. 

2.  Specify  the  basic  symbols  used  In  electrical  circuits. 

Each  of  the  above  objectives  will  be  accomplished  with  a  minimum 
of  80%  accuracy. 

INSTRUCTIONS 

Read  each  frame  carefully  beginring  with  the  first  frame. 
Answer  the  questions  at  the  end  of  each  frame  in  accordance  with  the 
instructions  provided  in  the  frame.    Check  your  responses  with  the 
correct  answers  which  are  located  on  the  tpp  of  the  next  frame.  If 
you  made  an  error,  determine  the  cause  and  correct  it  before  going 
on  to  the  next  frame.    When  you  complete  this  lesson,  contact  your 
instructor  for  further  instructions.    Write  all  your  answers  on  the 
response  sheet.    DO  NOT  MARK  IN  THIS  TEXT  I 


Supersedes  3ABR42331-PT-105B,  19  August  1977. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;    TTVSA  -  1 


2 


457 


Frame  1 


The  most  complex  electrical  circuit  can  be  reduced  to  a  very 
basic  circuit.    Therefore,  there  is  a  great  need  for  you  to  know 
all  of  the  basic  symbols  in  order  to  read  these  circuits.    A  Basic 
circuit  has  five  main  parts  each  of  which  ^^e  will  talk  about  as  we 
movo  on  into  this  lesson.    These  five  main  parts  are  the  power 
source  which  supplied  EMF  to  the  load  unit,  conductor,  protective 
device,  and  the  controlling  device. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet 

  Basic  circuits  are  not  meaningful  to  you. 

  2.      A  basic  circuit  has  five  components. 

  3.      One  of  the  components  of  a  basic  circuit" is  a  power 

source  which  supplies  EMF. 

  4.      One  of  the  components  of  a  basic  circuit  is  a 

multimeter. 


Answers  to  Frame  1:   1.       T    2.       T    3.  4. 


Frame  2 

First,  let  us  talk  about  some  common  sources  of  EMF.    In  the 
lesson  on  electron  theory  we  defined  EMF  as  the  force  that  will 
cause  free  electrons  to  move  in  a  conductor  (wirtO  from  a  negative 
potential  to  a  positive  potential.    There  are  a  lot  of  ways  to 
generate  voltage,  but  we  are  only  going  to  talk  about  three  of 
the  more  conmon  types  with  which  you  will  be  dealing.    They  are 
chemical,  mechanical,  and  heat. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet 

  1.      EMF  is  the  force  that  causes  electron  flow. 

  2.      There  are  only  three  methods  of  voltage  generation. 

  3.      A  source  of  EMF  is  needed  for  current  flow. 
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Answers  to  Frame  2: 


T  1. 


2.       T  3. 


Frame  3 

First  of  all  we  will  look  at  the  mechanical  method  that  J.s  used 
to  make  an  EMF*    In  this  method  a  device  is  used  that  will  change 
mechanical  energy  to  electrical  energy.    The  generator  that  we  will 
find  on  our  cars  and  on  an  aircraft  and  those  that  supply  power  to 
our  homes  are  examples  of  this  device.    As  the  generator  is  tunned, 
the  conductors  on  the  inside  are  moved  through  (cut)  magnetic  lines 
of  force,  this  will  induce  a  voltage  in  the  conductor. 


MOVEMENT 


The  above  sketch  shows  this  type  of  voltage  generation  in 
one  of  the  simpler  ways.    You  can  see  that  the  magnetic  field  is 
made  by  a  "U"  shaped  permanent  magnet.    The  conductor  is  hooked 
to  a  meter  that  acts  as  ^a  load.    Mechanical  energy  of  some  sort 
is  used  to  move  the  conductor  through  the  magnetic  fj,eld.  This 
will  induce  ^  voltage  in  the  conductor.    The "voltage  will  flow 
through  the  wires  and  meter  connected  to  the  conductor  and  the 
meter  will  show  the  amount  of  induced  voltage. 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  !•      A  generator  changes  electrical  energy  to  mechanical  energy. 

  2.      Voltage  can  be  produced  by  moving  a  conductor  so  that  it 

cuts  magnetic  lines  of  force. 

  3.      The  energy  used  to  operate  the  electrical  units  on  the 

aircraft  is  energy  that  has  been  changed  from  mechanical 
energy  supplied  by  the  engines. 

  4.      T\e  generator  is  one  of  the  LEAST  used  devices  for 

generating  or  producing  voltage. 
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Answers  to  Frame  3: 


1.         T    2.       T  3.   4. 


Frame  4 


In  sketch  "A"  you  can  see  that  the  "U"  shaped  magnet  does  not 
move  but  that  the  conductor  does  move  down.    In  sketch  "B"  note 
that  the  magnet  moves  up  and  the  conductor  does  not  move.  From 
these  sketches  it  is  easy  to  see  that  the  outcome  is  the  same;  a 
voltage  was  induced  in  the  conductor.    A  voltage  will  be  made  any 
time  a  conductor  moves  through  magnetic  lines  of  force. 

The  conductor  must  move  across  (not  parallel  to)  the  lines  of 
force  in  order  for  it  to  "cut"  these  lines  of  force.    A  relationship 
will  exist  between  the  motion  of  the  conductor  and  the  angle  at  which 
it  cuts  the  lines  of  force.    This  relationship  is  called  relative 
angular  motion.    It  can  be  said  that  when  there  is  relative  angular 
motion  between  a  conductor  and  a  magnetic  field  a  voltage  will  be 
induced  in  that  conductor.    This  is  called  electromagnetic  induction. 
Electromagnetic  induction  is  the  principle  of  operation  of  all 
generators . 


MOVEMENT 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  !•      Voltage  is  induced  in  a  conductor  when  both  the  conductor 

and  the  magnetic  field  are  moved  in  the  same  direction  at 
the  same  rate  of  speed. 

  2.      If  there  is  relative  angular  motion  between  a  conductor 

and  a  magnetic  field,  electromagnetic  induction  will  take 
place. 

  3.      The  motion  required  fot  voltage  generation  may  be  provided 

by  moving  either  the  conductor  or  the  field. 
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Answers  to  Frame  4: 


!•         T    2.         T  3, 


Frame  5 

^You  have  now  learned  how  to  produce  voltage  by  the  mechanical 
method;  now  let  us  see  how  voltage  c^ _go  ug  and  down.    This  is 
done  by^  increasing  the  speed  qf^  thg_  relative  angular  motion  between 
the  conductor  and  the  magnetic  fie.ld,    TM3  means  tjjat  the  conductor 
will  cut  more  lines  of  force  in, a_ given  time  which  will  cause  t]a^ 
induced  voltage  to  go  up •    Making  tixe  strength  jof  the  fieldjgo  up 
means  there  will  be  more  lines  oj  fo^ce  for  a  given  area.    If  the 
magnetic  field  was  to  go  up,  ^d  speed  stay  the.  s^e,  thg  conductor 
would  cut  more  lines  of  foxce  in  a  given  tjLme,  and  the  Induced 
voltage  would ^  up.    Another  way  of  making  the  voltage  produced 
go  up,  is  to  add  more  conductors,    Wl\en  a_  conductor  is  wound  Jto 
foim  a  coil  (as  thread  on  a  spool),  there  will  be  mQre) conductors 
to  cut  the  lines  of  force.    Since  the  turns  of  the  wire  are  in  the 
same  direction,  the  voltages  are  additive,  and  the  total  induced 
voltage  will  go  up. 

Mark  the  follo\d.ng  true  statements  with  a  "T"  on  the  response  sheet, 

  1.      Increasing  the  speed  of  the  relative  angular  motion 

between  a  conductor  and  a  magnetic  field  decreases 
induced  voltage, 

  2,      Decreasing  the  strength  of  the  magnetic  field  through 

which  a  conductor  cuts  the  lines  of  force  decreases 
voltage  induced  in  the  conductor, 

  3,      Increasing  the  number  of  turns  in  a  conductor  cutting 

magnetic  lines  of  force  decreases  induced  voltage  in 
the  conductor, 

  4,      Gpeed,  strength  of  the  magnetic  field,  and  the  number  of 

turns  of  the  conductor  are  three  factors  which  affect  the 
amount  of  voltage  induced  in  the  conductor  by  electro- 
magnetic induction. 
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Answers  to  Frame  5:   ^1.     __T_2.  3>         T  4. 


Frame  6 

The  next  way  of  producing  a  voltage  is  by  the  chemical  methods 
The  battery  in  a  car,  or  the  cell  in  a  flashlight  are  examples  of 
voltage  generation  by  the  chemical  method.    If  any  two  metals, 
which  are  not  the  same,  are  put  in  a  solution  that  will  conduct 
electricity,  a  voltage  is  produced.    The  metals  are  referred  to 
as  plates.    The  solution  in  which  the  plates  are  put  is  called 
electrolyte.    If  a  plate  of  copper,  and  a  plate  of  aluminum  are 
put  in  a  container  of  drinking  water,  a  voltage  is  produced.  In 
the  sketch  below,  note  the  deflection  of  the  needle  on  the  meter 
which  is  hooked  up  to  the  copper  and  aluminum  plates  in  the 
drinking  water. 


ALUMINUM- 


/' 


DRINKING  WATER 


■COPPER 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 


1.      Two  like  metals  immersed  in  an  electrolyte  produce  a 
voltage. 


2.      The  voltage  produced  by  imiuersing  copper  and  aluminum  in 
Inking  water  is  produced  by  the  chemical  method. 


3.      Copper  and  iron  plates  immersed  in  drinking  water  produce 
a  voltage. 


4.      The  materials  immersed  in  electrolyte  to  produce  voltage 
are  called  plates. 


I 
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Answers  to  Frame  6: 


1.         T    2.         T    3,         T  A. 


Frame  7 

Since  you  know  how  voltage  can  be  produced  by  tHe  chemtcal  method, 
let  us  find  out  how  the  voltage  can  he  raised  or  lowered.    One  way  to 
do  this  is  to  use  a  different  electrolyte.    A  and  B  in  the  sketch  Below 
are  identical  except  for  the  electrolyte.    The  one  on  the  left  uses 
drinking  water  as  the  electrolyte,  and  the  other  one  uses  a  solution  of 
vinegar  and  water  as  the  electrolyte.    Note  that  the  vinegar  and  water 
solution  will  make  a  greater  needle  deflection  on  the  meter.    This  will 
tell  you  that  a  higher  voltage  is  produced. 


A  B 

Mark  the  following  true  statements  with  a  "T"  on  the  response  shef.t. 

  1.      If  the  same  two  unlike  metals  are  immersed  in  ^  different 

kind  of  electrolyte,  the  same  amount  of  voltage  is 
produced. 

  2.      In  the  above  illustration,  voltage  is  being  produced  by 

the  chemical  method. 

  3.      The  meters  in  the  illustration  indicate  that  a  higher 

voltage  is  produced  with  the  electrolyte  of  vinegar  and 
water  solution  than  with  drinking  water. 
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Answers  to  Frame  7: 


1.     _T    2,         T  3, 


Frame  8 

We  have  found  that  the  same  comf.ination  of  metals  when  put  in 
different  types  of  electrolyte  will  produce  different  amounts  of 
voltage.    By  using  different  combinations  of  metal  plates  in  the 
same  electrolyte  we  can  also  produce  different  amounts  of  voltage. 
In  the  sketch  below,  A  and  B  are  identical,  except  nhat  a  different 
combination  of  metals  have  been  put  in  the  electrolyte.    Note  that 
the  voltage  produced  by  the  copper  plates  and  the  zinc  plates  is 
much  higher  than  the  voltage  produced  by  the  copper  plates  and  the 
aluminum  plates. 


A  B 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  ^'      Copper  and  aluminum  immersed  in  water  produce  a  higher 

voltage  than  copper  and  zinc  inmiersed  in  water. 

  2.      Voltage  produced  by  the  chemical  method  can  be  varied  by 

either  using  different  types  of  metals,  or  by  the  use  of 
different  types  of  electrolyte. 

  3.      In  the  above  illustration,  voltage  is  produced  by  the 

mechanical  method. 


ERIC 


46i 


Answers  to  Ftame  8: 


1.       T     2.  3. 


Frame  9 

Even  though  the  mechanical  and  chemical  methods  are  used  to 
produce  most  of  our  electrical  power,  the  thermal  or  heat  method 
of  voltage  generation  also  has  Its  uses.    T^ls  method  Is  used  In 
heat  indicating  circuits  and  fire  warning  systems.    The  device 
that  is  used  to  produce  the  voltage  is  called  a  thermocouple » 
In  this  method  when  two  wires  of  unlike  metals  are  joined  at  pne 
end,  and  heat  is  put  on  the  junction  of  these  wires,  a  voltage 
will  be  produced.     In  the  sketch  shown,  one  wire  is  iron,  and  the 
other  wire  is  cons tan tan  (an  alloy  of  nickel  and  copper) .  Heat 
is  applied  to  the  junction  (the  point  at  which  the  two  wires  are 
joined  together) ,  and  the  meter  that  is  hooked  up  to  the  thermo- 
couple shows  that  a  voltage  is_^  generated. 


•IKON 

JUNCTION 
CONSTANTAN 


IRON.CONSTANTAN 
THERMOCOUPLE 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  1.      A  thermocouple  is  a  device  used  to  produce  voltage  by 

the  heat  or  thermal  method. 

  2.      The  chemical  method  of  producing  voltage,  changes  heat 

energy  to  electrical  energy. 

  3.      If  two  dissimilar  metal  wires  joined  at  one  end  are 

heated  at  their  junction,  a  voltage  is  generated. 
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Answers  to  Frame  9:        T    1«   2.         T  3. 


Frame  10 

The  voltage  made  by  the  thermal  method  can  be  changed  in  two 
different  ways*    If  the  heat  is  changed,  the  amount  of  voltage 
generated  will  change.    ThTs"  is  why  the  thermocouple  can  be  used  in 
heat  indicating  circuits.    As  the  heat  goes  up,  the  voltage  goes  up. 
As  shown  in  the  sketch,  a  meter  can  be  hooked  between  the  ends  of  the 
thermocouple  and  must  be  marked  in  degrees  to  show  the  temperature 
at  the  thermocouple  junction.    The  other  means  of  getting  a  different 
voltage  is  to  use  two  different  metals  in  the  wires.    L   the  sketch 
shown,  A  and  B  are  the  same  thermocouples,  but  more  heat  is  put  on 
B  than  is  put  on  A,  and  the  voltage  generated  by  B  is  higher.    C  and 
D  are  made  jf  different  metals.    The  same  amount  of  heat  is  put  on 
each,  but  the  iron-constantan  thermocouple  generates  a  higher  voltage 
than  the  chromel-alumel  thermocouple. 


IRON 
CONSTANTAN 


QIRON  /C  *  "\        ^  CHROMEL 

CONSTANTAN         ^^^S  V/         /  ALUMEL 

-^^ — ^Cl  ^ — ^ 

Mark  the  following  true  statement (s)  with  a  "T"  on  the  response  sheet. 

  1.      Different  metals  in  thermocouples  produce  different 

amount  of  voltage. 


2.  Increasing  the  amount  of  heat  applied  to  a  thermocouple 
increases  the  amount  of  voltage  generated. 

3.  In  the  illustration,  voltage  is  produced  by  the  chemical 
method. 

4.  The  thermocouple  is  used  to  produce  voltage  by  the 
mechanical  method. 


11 
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Answers  to  Frame  10:  T    1.         T  2. 


3.   4. 


Frame  11 


Match  the  definitions  on  the  right  to  the  terms  on  the  left.  Be 
sure  to  distinguish  between  the  device  or  example  and  the  method. 
Write  your  answer  on  the  response  sheet. 


1,  Mechanical  method 

2,  Battery 

3,  Generator 

4,  Heat  or  thermal  method 


a.  Device  that  uses  mechanical 
energy  to  produce  an  EMF, 

b.  Voltage  is  produced  by  two 
dissimilar  metals  immersed 
in  a  solution  which  will 
conduct  electricity. 


5.  Thermocouple 

6.  Chemical  method 


c.    Voltage  is  produced  by 
relative  angular  motion 
between  conductors,  and 
a  magnetic  field, 


d.  Device  that  uses  heat  to 
produce  an  EMF, 

e.  Example  of  the  chemical 
method. 


f .    Voltage  is  produced  when 
heat  is  applied  to  two 
dissimilar  metals  which 
are  joined  at  one  end. 
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Answers  to  Frame  11:      c  1.    _e  2.        a  3.        f  4>       d  5.       b  6. 


By  now  you  should  understand  that  the  first  part  of  a  basic 
circuit  is  the  powersource  which  supplies  EMF.    Examples  of  a 
power  source  are  a  battery,  generator,  and  thermocouple >    In  frame  1, 
we  said  that  there  was  a  need  to  know  basic  synibols  in  order  to  trace 
out  the  circuits.    Symbols  are  used  to  make  identification  of  units 
easier,  and  to  remove  thy  need  for  writing  the  name  or  drawing  a 
picture  of  the  unit.    The  schematic  synibols  for  a  battery,  generator, 
and  thermocouple  are  shown  below. 


Fraiue  12 


NOTE:  Short  line  is  negative, 
long  line  is  positive. 


Draw  the  correct  symbol  by  its  teriL  on  the  response  sheet. 


1. 


Thermocouple 


2. 


Battery 


3. 


Generator 
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Answers  to  frame  12. 


Frame  13 

The  second  part  of  a  basic  circuit  is  the  load  unit.    This  is 
a  device  which  needs  current  to  perform  a  task.    Some  examples  are 
lamps,  motors,  resistors,  and  coils.    For  now,  we  will  be  concerned 
mainly  with  lamps  and  resistors. 

Mark  the  following  true  statements  with  a  ''T*'  on  the  response  sheet. 

  1.      A  load  unit  performs  its  function  by  using  current. 

  2.      A  motor  is  an  example  of  a  load  unit. 

  3.      A  thermocouple  is  an  example  of  a  source  of  EMF. 

4.      A  resistor  is  a  source  of  EMF. 


5.      A  lamp  is  a  protective  device. 
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Answers  to  Frame  13:       T  1>       T  2>       T  3>   ^4.   ^5. 

Frame  14 

Some  examples  of  load  units  and  their  symbols  are  shown  below: 


FIXED  RESISTOR 


WIPER 


SYMBOL  FOR  A  RHEOSTAT 
OR  A  VARIABLE  RESISTOR 


RHEOSTAT 


LAMP 


COLORED  LAMPS  ARE 
DESIGNATED  AS  FOLLOWS: 


0 
© 
© 


CLEAR  LAMP 


RED  LAMP 


YELLOW  LAMP 


Draw  the  correct  sjnnbols  beside  their  terms  on  the  response  sheet. 
1.    Variable  resistor  or  rheostat   

Fixed  resistor 


3.  Lamp 

4,  Clear  lamp 
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-^A/^AA  VNAAA-  (c) 

Answers  to  frame  14.   ^L.    2.  ^  3, 


Frame  15 

^4  third  part  of  a  basic  circuit  is  a  conductor,    This^is  the 
part  that  is  used  to  form  the  path  th^t  current  will  follow.    A  wire 
is  the  most\  common  kind  of  a  conductor  used.    The  schematic  symbol 
for  a  wire  is  a  solid  line.    The  metal  frjme  of  ""the  aircraft  can  also 
be  used  as  a  conductor  (wire).    To  simplify  a^ circuit,  the  metal 
frame  is  used  as  one  of  the  paths^  for  electron  flgw.    This  mode  will 
also  cut  down  the  weight  of  the  aircraft  by  cutting  down  t^e  "amount 
of  wiring  the  aircraft  m:s    have.    When  the  switch  in  tjie  sketch  below 
i$  closed  the  circuit  is  completed.    Electrons  will  flow  jErom  the 
battery  to  the  aitcraft  frame,  through  the  frame jto  the  lamp  ground 
wire,  and  on  to  the  lamp.    From  the  lamp  they  move  on  through  th,e 
wire;  ^o  and  through  the  switch  tpjthe  battery.    A  schematic 
diagram  of  this""is  shown  below. 


LAMP 


THESE  SYMBOLS  REPRESENT  THE  CONNcCTlONS 
TO   THE  FRAME. (GROUND) 


Mark  the  following  true  statements  with  a  '^T"  on  the  response  sheet. 


1. 


is  a  ground  connection  symbol. 
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Frame  15  ContM 


2,  The  aircraft  structure  is  used  as  a  conductor, 

3,  A  wire  is  the  only  conductor  used  in  the  aircraft, 

4,  The  case  of  some  units  is  used  as  a  conductor. 


Answers  to  Frame  15:    T    1,      T  2, 


T  4, 


Frame  16 


Below  are  the  symbols  widely  used  to  indicate  connection  or  no 
connection  of  conductors. 


1,      Crossing  (no  connection,) 


2,  Connection, 


Ground  connection. 


Draw  the  correct  symbol  beside  its  name  on  the  response  sheet, 
1,      Ground  connection 


2,      Crossing  (no  connection) 


3,  Connection 
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Answers  to  frame  16,  —  1. 

Frame  17 

Let's  check  to  see  how  much  you  have  learned. 

I.      Match  the  terms  on  the  right  with  the  components  on  the  left. 
Some  terms  will  be  used  more  than  once.    Write  your  answers 


on 

the  response  sheet. 

1. 

Motor 

a. 

Load  unit 

2. 

Battery 

b. 

Conductor 

3. 

Wire 

c. 

Source  of 

4. 

Resistor 

5, 

Thermocouple 

6. 

Aircraft  structure 

7. 

Case  of  a  unit 

8. 

Generator 

9, 

Lainp 

2. 


o 
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Frame  17  (Cont'd) 

II.    Match  the  terms  on  the  right  with  the  symbols  ou  the  left. 
Write  your  answers  on  the  response  sheet. 


3. 


a.  Generator 


2.  II  b.  Lamps 


*-|—  c .      Thermo  co  up 


4.  ""^^  (C)    (R)  ^-  Variable  resistor 

5.  — A/W\/ —  e.  Conductors  connected 

^*  0(^3  ^*  Ground 

7.  —1—  g.  Resistor  fixed 


h.  Battery 


/\/S_  Conductors  crossing 

(no  connection) 


If  you  missed  any  of  the  above,  review  the  appropriate  frame 
before  proceeding  with  frame  18. 

If  you  got  them  all  correct,  proceed  with  frame  18. 
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Answers  to  Frame  17: 


Section  I:       a  1,      c  2.      b  3,    a_4.    _c  5.      b  6,      b  7,    _c  8,      a  9, 


Section  II:      h  1,      c  2.      i  3>    b  i\.    _g_5.      a  6.      f  7.      e  8,      d  9. 


So  far  we  have  gone  over  three  parts  of  a  basic  circuit.    We  have 
two  more  parts  left,  a  controlling  device  and  a  protective  de^d.ce ,  The 
controlling  device  is  used  to  turn  the  circuit  ON  and  OFF,  Switches 
and  relays  are  used  for  this  purpose.    The  relay  is  used  as  a  remote 
control  type  of  switch.    You  have  used  a  switch  each  time  you  turned 
your  room  light  on  and  off.    There  are  a  lot  of  different  types  of 
switches  and  relays  that  will  be  gone  over  in  a  later  lesson.    For  the 
present,  remember  that  relays  and  switches  are  ^w^ntrolling  devices. 
Shown  here  is  the  symbol  for  a  basic  switch. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet, 

  1,  The  relay  is  the  only  controlling  device  that  you  will  use, 

  2.  The  symbol  for  a  switch  is 

  3,  A  controlling  device  is  used  to  turn  a  circuit  ON  and  OFF, 

  4,  A  switch  is  a  controlling  device. 


Frame  18 


20 
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Answers  to  Frame  18:   1.       T  2.       T  3.  JE^^* 

Frame  19 

To  close  a  switch  means  to  turn  the  switch  to  a  position  which 
will  allow  current  to  flow  through  it.    Thus,  to  open  a  switch  means 
to  turn  the  switch  to  a  position  which  will  no    allow  current  to 
flow  through  it. 


Figure  1. 


In  figure  1  we  have  a  source  of  EMF  (power),  conductor,  load  unit 
and  a  controlling  device.    Note  that  the  switch  is  open.    Thus,  we 
have  a  circuit  which  will  not  have  a  complete  path  for  current  flow. 
Now  if  we  close  the  switch,  as  in  figure  2,  we  will  have  a  complete 
path  for  current  to  flow  to  the  load. 


Figure  2,  Figure  3. 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet, 

  1.      In  figure  3,  there  Is  a  complete  path  for  current  flow, 

  2,      In  figure  3,  if  the  switch  is  closed  there  will  be  a  complet 

path  for  current  flow. 


3,      Figure  3  shows   a  complete  circuit  of  a  switch,  conductor, 
resistor,  and  a  generator. 


Answers  to  Frame  19:   1.       T  1.   3, 

Frame  20 

The  fifth  and  last  part  of  a  basic  circuit  is  a  protective 
device.    It  is  used  to  protect  the  circuit  ag^^inst  too  high  a 
current  flow,    'j?wo  examples  of  protective  devices  are  fuses  and 
circuit  breakers  •    The  main  diffe*.ence  between  the  two  is  that 
a  circuit  breaker  can  be  reset  and  reused,  while  a  fuse  cannot 
and  must  be  replaced  if  blown.    There  ar**  many  types  of  fuses 
and  circuit  breakers.    You  will  study  these  in  a  later  lesson. 

The  basic  symbol  for  a  fuse  is  •    The  symbol  for  one 

type  of  circuit  breaker,  the  push-pull  is  . 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet, 

1,  The  symbol  for  a  fuse  is 
  2.  A  fuse  can  be  reset. 

  3.  The  symbol  for  a  push-pull  circuit  breaker  is  • 

  4.      A  protective  device  protects  the  circuit  fron*  an  under- 

voltage  condition. 

5.      Fuses  and  circuit  breakers  are  protective  devices. 


Answers  to  Frame  20:      T    1.   2.       T  3.   4.  T_5. 

Frame  21 

Draw  the  correct  symbol  beside  its  name  on  the  response  sheet, 
1,      Switch  open  . 

I.      Suitch  closei     . 


3.      Push-pul]  circuit  breaker 


Fuse 
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Answers  to  frame  21  •     •      •l.*^      ^2.  3,  4, 


Frame  22 

xJn  the  lesson  you  had  on  Electron  Theory  EMF,  Current,  and 
Resistance  was  defined,    Jn  this  fr^e  we  wi.ll  review  tjie  definitions 
of  EMF  and  current  and  add  some  other  facts  you  need  to  know  about  them, 

EMF  is  the  foir^e  that  is  needed  to  ce^e  current  to  flow.    EMF  is 
the  abbreviation  for  electromotive  force.    There  are  other  tenns 
which  h^ve  almost  the  s^  meanings,  like  volt  age, ''potential  difference, 
and  electrical  pressure.    The  symbol       use  for  all  these  terms  is  E_, 
The  unit  of  measurement  of  EMF  ±8  the  volt.    One  volt  is  the  pressure^ 
that  JLs  required  to  send  one  ampere  of  current  through  a_resistance  of 
one  ohm>    The  symbol  for  vo.lt  is  V, 

Current  was  defined  as  the  flow  of  electrons  through  a. conductor 
from  a  negative  potential  to  a^positive  potential.    Again Jt  must  te 
said  chat  the.re  are  terms  that  ha^e  just  about7the  same  meaning  as 
current.    These  are  electron  flow,  intensity ,-^and  amperage.    The  symbol 
for  all  these  terms  is  I,    The  unit  of  measurement  for  current  la  the 
ampere.    The  symbol  for  ampere  is  a. 

Place  the  symbol  in  the  blank  space  on  the  response  sheet  for  each  of 
the  following  terms , 


1. 

electromotive  force 

2. 

current 

3. 

volt 

4. 

potential  difference 

5. 

ampere 

6. 

voltage 
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Answers  to  Frame  22:       E  1,       I  1.       V  3.       E  A,       a  5.       E  6. 
Frame  23 

Resistance  is  the  opposition  to  current  flow  in  a  dc  circuit. 
The  symbol  for  resistance  is         The  unit  of  measurement  of  resistance 
is  the  ohm.    One  ohm  is  the  value  of  resistance  through  which  1  ampere 
of  current  will  flow  when  one  volt  is  applied  to  it.    The  symbol  for 
ohm  is  the  Greek  letter  omega,  written  as  fi. 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  1.      Resistance  is  the  opposition  to  current  flow  in  a  DC 

circuit. 

  2.      The  symbol  for  resistance  is  fi. 

  3.      The  unit  of  measurement  for  resistance  is  omega. 

  A.      The  symbol  for  ohm  is  fi. 

Answers  to  Frame  23:        T  1.   2.   3.        T  A. 

Frame  2 A 

Match  the  symbols  on  the  right  with  the  terms  on  the  left  and  v/rite 
the  answers  on  the  response  sheet. 


1. 

Volt 

a. 

EE 

2. 

Ohm 

b. 

V 

3. 

Resistance 

c. 

R 

A. 

Current 

d. 

a 

5. 

Ampere 

e. 

fi 

6. 

Voltage 

f . 

I 

If  you  miss  any  of  these,  restudy  frames  22  -  23  before 
proceeding  to  frame  25. 

If  you  got  these  all  correct,  proceed  to  frame  25. 
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Answers  to  Frame  2A:       b  1.       e  2.        c  3.       f  A.       d  5,       a  6, 

Frame  25 

The  amount  of  voltage,  current,  and  resistance  in  a  circuit 
is  based  on  the  type  of  circuit •    For  measuring  thes'^  values  we 
use  meters.    To  measure  current  flow  we  use  an  ammeter,  to  meaisure 
potential  difference  we  use  a  voltmeter,  and  to  measure  resistance, 
we  use  an  ohmmeter.    The  use  of  these  meters  will  be  the  topic  of 
another  lesson.    For  now  we  are  concerned  only  with  the  oymbols  for 
these  meters.    They  are  as  follows: 


1,  Ammeter 

2,  Voltmeter 

3,  Ohmmeter 


Mark  tb-  following  true  statements  with  a  "T"  on  the  response  sheet, 
  An  ohmmeter  is  used  to  measure  current  flow  in  a  circuit-. 


2,    The  symbol  for  the  ohmmeter  is  V"y 


-<R)-. 

3.  The  symbol  for  the  voltmeter  is  — 

4.  The  symbol  for  the  ammeter  is        j  ^ 
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Answers  to  Frame  25:   1.   2,       T  3.       T  4, 

Frame  26 

Now  let's  combine  some  of  the  symbols  you  have  learned  and  draw 
a  basic  circuit. 


; — AAAA 


1 


Now  you  will  draw  a  basic  circuit  on  the  response  sheet  with  a 
battery,  conductor,  circuit  breaker,  switch,  and  a  leonp,  not  a 
resistor  as  shown  above. 
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Answer  to  Frame  26: 


Frame  27 

Match  the  terras  on  tha  right  with  the  components  on  the  left.  The 
terms  can  be  used  more  than  once.    Write  your  answers  on  the  response 
sheet. 


l.Wire 

a. 

Load  unit 

2. 

Aircraft  structure 

b. 

Source  of  EMF 

3. 

Resistor 

c. 

Conductor 

4. 

Relay 

d. 

Protective  device 

5. 

Motor 

e. 

Controlling  device 

6. 

Lamp 

7. 

Switch 

8. 

Case  of  unit 

9. 

Generator 

10. 

Thermocouple 

.11. 

Fuse 

12. 

Battery 

13. 

Circuit  breaker 

If  you  missed  any  of  these,  restudy  the  appropriate  frame 
dealing  with  the  question  or  questions  you  missed  before  proceeding 
with  frame  28. 

If  you  got  these  all  correct,  proceed  with  frame  28. 


ERIC 


27 

i82 


Answers  to  Frame  27: 


Frame  28 


c  1.  c  2.  a  3^  e  A.  a  5. 
c  8.      b  9.      b  10.    d  11,    b  12. 


Match  the  terms  on  the  left  with  the  symbols  on  the  rights 
your  answers  on  the  response  sheet. 


_1.  Generator 

_2 .  Thermocouple 

_3 .  Volt 

_4.  Variable  resistor 

__5.  Ammeter 

 6 .  Ground 

_^7.  Fixed  resistor 

_8.  Voltage 

_9 .  Battery 

_10 .  Ohmmeter 

^11.  Resistance 

_^12.  Lamps 

13.  Current 

_^14.  Ohm 

J.5.  Voltmeter 

_16.  Conductors  connected 

_17.  Ampere 

_18.  Circuit  breaker 

Conductors  crossing 


20.  Switch 


21.  Fuse 


a, 
b, 
c, 
d, 
e, 
f  • 
g- 

h. 


1. 


m. 


Q 
a 

V 
R 
E 
I 


o. 


A 


jlJ)  ♦   

d  13. 

Write 


e 


— (a^ — 


If  you  missed  any  of  these,  restudy  the  frame  covering  that  symb 
or  symbols  before  proceeding  to  frame  29. 
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Answers  to  Frame  28: 


e  8, 
o  15. 


i  1. 

c  3. 

m  4. 

n  5. 

u 

.6. 

k  9. 

c  10. 

d  11 

Li     XX  . 

e  12 

f 

X«J  . 

t  16. 

b  17. 

s  19. 

r 

.20. 

j^7. 
_a_14. 
h  21. 

Frame  29 


Match  the  definitions  on  the  right  to  the  terms  on  the  left.  Be  sure 
to  distinguish  between  the  device  or  example  and  the  method. 


1.    Chemical  method 


_2 .  Thermocouple 
^3.  Generator 

Heat  or  thermal  method 
j>.  Battery 
6.    Mechanical  method 


a.  Device  that  uses  mechanical 
energy  to  produce  an  EMF. 

b.  Voltage  is  produced  by  two 
dissimilar  metals  immersed 
in  a  solution  that  will 
conduct  electricity. 

c.  Voltage  is  produced  by 
relative  angular  motion 
between  conductors  and  a 
magnetic  field. 

d.  Device  that  uses  heat  to 
produce  an  EMF. 

e.  Example  of  the  chemical 
method  of  producing  an 
EMF. 

f .  Voltage  is  produced  when 
heat  is  applied  to  two 
dissimilar  metals  which 
are  joined  at  one  end. 


If  you  missed  any  of  these,  restudy  frames  2-11. 


Answers  to  Frame  29:       b  1.        d2.       a3.       f4.        e5.        c  6. 
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OBJECTIVES 

Select  five  (5)  of  the  six  (6)  elements  that  make  up  the  wire 
numbering  system* 

Select  common  symbols  of  wiring  diagreBs,  with  a  minimum  of  80% 
accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  Information  in  small  steps  called 
"frames."    Read  the  material  presented,  select  your  responseCs)  at  the 
end  of  the  frame  as  required.    Do  not  mark  in  the  text.    Enter  your 
response (s)  on  the  response  sheet  provided.    After  you  h.we  made  your 
selections  check  your  work  against  tha  answers  on  the  following  page. 
If  your  selections  were  correct,  go  on  to  the  next  frame  and  repeat  the 
above  process.    If  you  have  made  an  incorrect  response,  reread  the  frame 
until  you  understand  your  error  and/or  see  your  instruccor.    After  you 
complete  the  text  and  response  sheet  see  your  instructor  for  the  appraisal 
test« 
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3370  TCHTG/TTGU-P  -  500;  TTVSA  -  1 


486 


Frame  1 


Many  miles  of  electrical  wire  are  used  to  connect  the  various  units  into 
operational  systems.    These  wires  are  the  connecting  links  between  the  source 
of  power  and  the  unit  requiring  power.    By  placing  a  number  of  these  wires, 
units,  and  circuits  together  a  wiring  diagram  is  formed.    As  a  mechanic, 
you  will  be  called  upon  to  use  and  interpret  these  wiring  diagrams;  that  is, 
identify  the  symbols  used,  identify  the  wires,  and  trace  the  electrical 
systems.    Wiring  diagrams  can  help  you  gain  an  understanding  of  how  the 
system  works.    Wiring  diagrams  are  also  a  valuable  aid  in  troubleshooting 
the  electrically  operated  portions  of  the  numerous  systems  that  make  up  the 
aircraft  control  systems. 

Place  the  letter  ^  beside  each  of  the  following  true  statements. 

 1.      Training  on  the  proper  use  and  interpretation  of  wiring  diagrams 


2. 


is  important  to  you  because  you  will  have  to  check  a5.rcraft  circuits, 

A  wiring  diagram  on  an  aircraft  air  conditioning  system  will  help 
you  troubleshoot  the  system. 


_3.      To  be  able  to  use  a  wiring  diagram  efficiently  you  must  be  able  to 
identify  the  symbols,  identify  the  wire^  and  trace  a  wire  that  is 
used  to  operate  a  unit. 
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Answers  to  Frame  1:    1.       T        1.       T        3,   T 


Frame  2 


Some  AN  connectors  are  shown  below  in  illustration  #1.    They  are  used  where 
an  electrical  unit  must  be  removed  and  reinstalled  easily  and  quickly. 
These  connectors  consist  basically  of  a  plug,  a  receptacle,  and  a  coupling 
nut  which  holds  the  unit  together.    Both  the  plug  and  receptacle  consist  of  an 
aluminum  shell  containing  an  insulated  insert  which  holds  the  contact  points. 
The  symbols  shown  in  illustration  #2  below  are  used  on  electrical  wiring  diagrams 
to  illustrate  the  AN  connectors.    The  symbols  in  illustration  2A  and  2B  are 
used  on  some  diagrams  to  illustrate  the  plug  and  receptacle  on  some  connectors. 
The  symbol  shown  in  illustration  2C  is  also  used  to  illustrate  the  plug  and 
receptacle  of  these  connectors.    The  letter  in  front  of  each  connector  number 
denotes  whether  it  is  a  plug  or  receptacle,  P  standing  for  plug  and  J  standing 
for  receptacle. 


RECEPTACLE 


PLU9 


RECEPTACLE 


(PARTIAL) 

8 

ILLUSTRATION  9^  2 


-I  L. 


TT 
c 


PI99 
PtOB 


ILLUSTRATION  #  I 


Place  the  letter  T  beside  each  of  the  following  true  statements. 

 !•      Symbols  are  used  on  wiring  diagrams  to  indicate  the  components 

required  in  the  electrical  system, 

 ^2,      In  connector  number  P159,  the  letter  P  indicates  that  this  section 

of  the  connector  is  a  receptacle, 

 ?•      Connector  plugs  and  receptacles  are  used  where  an  electrical  unit 

must  be  removed  and  reinstalled  easily  and  quickly. 
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Answers  to  Frame  2:    !•       T        2.       f        3.  T 


Frame  3 

A  terminal  block  (strip)  and  terminal  are  shown  below  in  illustration  1, 
There  is  a  single  row  of  terminal  posts  (studs)  set  in  some  insulating 
material-      This  is  shown  in  illustration  #2-    Terminal  strips  are  used 
to  connect  wires  going  to  one  unit  and  to  parallel  electrical  cirquits 
when  one  source  of  power  is  used  for  more  than  one  circuit*    The  symbol 
for  a  terminal. block  (strip)  is  shown  in  illustration  2.    Terminal  block 
(strips)  are  usually  located  in  an  enclosed  distribution  box  called  a 
Junction  Box. 


Illustration  #1  ^  ILLUSTRATION  #2 


Place  the  letter  T  beside  each  of  the  following  true  statements, 

 Terminal  blocks  (strips)  are  used  where  an  electrical  unit  must  be 

removed  and  reinstalled  easily  and  quickly. 

 ^2.      The  terminal  posts  on  a  terminal  strip  can  be  bussed  (connected) 

together. 

 ^3.      A  terminal  block  (strip)  is  a  single  row  of  studs  mounted  in  a  terminal 

block  which  is  made  of  some  insulating  material. 


5 
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Answers  to  Frame  3:    1.      F        2.      T        3.  T 


Frame  4 

The  symbols  shown  in  the  illustration  below  are  used  on  wiring 
diagrams  to  indicate  the  conductors.    The  symbol  for  the  cable  assembly 
indicates  the  wires  that  are  bound  together  in  the  srae  .trirlng  harness 
or  bundle.    Some  bundles  may  be  as  thick  as  a  man's  arm -while  others 
may  be  made  up  of  only  two  cables.    Wire  bundles  are  used  throughout 
the  aircraft  to  minimize  battle  damage  and  to  speed  manufacturing  of 
the  aircraft. 


CMOtttM  MTHt  CONOUCTOM  TWI9TE0  COflOUCTOlIt  MLI-  WWtT 


Place  the  letter  T  beside  each  of  the  following  stat«nents  that  are  true. 

  1.    As  little  as  two  wires  can  be  used  to  make  up  a  wire  bundle. 

  2.    Two  conductors  can  be  twisted  together. 
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Answers  to  Frame  A:  1* 
Frame  5 


2. 


Match  the  symbols  In  column  B  with  the  Identifying  name  for  that  symbol 
in  coltu&n  A* 


Column  A 
_1,      Crossing  paths  conductors 
^2.      Twisted  conductors 
_3.      Terminal  block 
4.      AN  connector 


5.      Cable  assembly 


Column  B 


B 


on 


® 

(2) 

0 

® 


7 
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Answers  to  Frame  5:    1*      C       2,      B       3.      E       4.      A       5.  D 


Frame  6  • 

A  cable  splice  is  a  means  of  joining  two  pieces  of  cable  together.  The 
splice  can  be  a  permanent  or  quick  disconnect  type.    The  solder  splice  and 
the  crimped  splice  can  be  used  to  repair  a  broken  wire.    The  illustration 
below  shows  the  different  types  of  splices  and  the  symbols  that  are  used  for 
them. 


QUICK  DISCONNECT  SFLICE 


PERMANENT  CRIMPEo  SPLICE 


1.      Draw  the  symbol  used  for  a  knife  splice. 


Draw  the  symbol  used  for  a  permanent  splice. 
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Answers  to  Frame  6:    i,   ^  >— ^   2. 


Frame  7 


Symbols  are  used  to  represent  the  various  types  of  switches  and  relays 
that  control  the  electrical  circuit  operation.    These  symbols  are  shown  In 
the  illustration  below.    The  relays  are  shown  in  the  de^-energlzed  pojsltlon. 
When  the  relay  is  energized,  the  armature  of  the  relay  (heavy  black  line 
conuected  to  the  dashed  line)  will  move  down.    The  symbols  shown  fbr  the 
relay  contacts  are  used  on  schematic  diagrams  and  are  being  used  more 
extensively^    These  symbols  make  It  easier  for  you  to  follow  the  path  of 
current  flow  through  an  electrical  circuit. 

Note:    See  Instructor  for  display  9. 

SWITCHES 

/o  Wko 

O  OOOiLI  THUPW  a     ftM  LC  -.V^  OOUiLC  TMHOW 

<^     tSSiil  rmL            OW-qrr-O*                   OOoKI  I A  He  Q^O^  MMCNTMliy 

'"^^  OO^Crr  1        OPIrATIO  MOMCNTARtLY  0« 

o  o       A  C  D  "  iigii  Hp II 


RELAYS  giDg^K       MMU  THimr 

<  i  I    ■  Mil  II  I M 


II  |M 


A        —  MMMAUV  HORiaUY 

OMM  CLOfEO 


Match  a  letter  from  the  Illustration  above  to  each  of  the  statements  below. 

 !•     A  switch  that  can  be  used  to  turn  one  circuit  on  or  off. 

 2.     A  switch  requiring  one  source  of  power  capable  of  turning  either 

one  of  two  electrical  circuits  on  and  off. 

 3.     A  relay  that  can  control  two  electrical  circuits » 


_4.     A  normally  open  relay  contact. 


J5.     A  switch  that  can  control  ten  electrical  circuits. 
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Answers  to  Tratoe"?:'  !•  .  '  B  2,  D  -3.  I  4.  .  J  .  i  5.^ 
Frame  8 

Place  the  letter  of  the  symbol  from  column  B  beside  the  correct  name  for 

that  syiabol  in  -column  A.  ■ 

JSolumn  ^A  Column  B 

•  '  '  •  '     .  s^. 
 1.      Splice  ar^ea-   •                                                      ^         -  j     ^  * 


Rotary  switch.  ^^-^  i^,  ^   ai -q 


^3.      Single  pole  double  throw  relay 


_4.  Knife  splice  or  quick  disconnect 
_5.    ^Single  pole  single  throw  relay 


^8.     Double  pole  double  throw  switch 
9,-  ./Permanent"  splice 


X2-0 


B 


o  >  o  •  o  ^ 


6.     Single  pole  si'^^le  throw  switch  q  q 

\  V  O  O 

^7.     Single  pole  double  throw  switch 


^  A3-o' 

Ai     At  -o 

I 

tXI 


I 

I  o 

Off 

o 


H  CK> 

O 
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Answers  to  Frame  8:    1-       J       2-      B       3.      D       4,      E       5-  A 


H 


Frame  9 


The  illustration  below  shows  some  of  the  other  symbols  you  will  see 
as  you  look  at  a  wiring  diagram.    Becoming  familiar  with  those  symbols 
will  help  you  read  a  wiring  diagram. 

Note:    See  instructor  for  display  10, 

Circuit  Elements 
RESISTIVE  DEVICES 


RESISTIVE  DEVICES 


RESiSTOR  HXtO 
(irnERNAL) 


CIRCUIT 
SAFETY  DEVICES 


A 


CIRCUIT  BREAKER 


FUSE 


•/  .'I 


POTENTiOMKTER 
(INirrtNAL) 
(VARIABLE) 


SENSOR 
(iNTEftNAL) 
(VAftlABLE) 


ACTUATOR 
MOTOR 

(INT  ERN  AL) 


RHEOSTAT 
(INTERNAL) 
(VARIABLE) 


GROUND  SYMBOL 


Using  the  illustration  above,  draw  the  symbols  that  represent  each  of 
the  following  units. 


1.  Internal  view  of  a  fixed  resistor. 

2.  Push-pull  type  circuit  breaker. 

3.  Ground  symbol. 

4.  Internal  view  of  a  potentiometer. 

5.  Fuse. 

6.  Internal  view  of  a  rheostat. 

7.  View  of  a  sensor. 


BEST  copy  AVAILABLE 


Answers  to  Frame  9: 


I.  AAAr 

Frame  10 


Illustrated  below  is  an  example  of  how  wires  are  sized.  If  a  wire  is 
to  carry  a  large  amount  of  current  it  must  be  a  large  wire.  These  are  not 
drawn  to  scale  but  simply  represent  the  difference  in  sizes  and  the  manner 
in  which  they  are  numbered  or  "sized." 

Note:    See  instructor  for  display  8. 


SIZE  #22   ►  O 

20   ►  O 

14   

12   

8   

0   

It  is  impossible  to  cover  every  syuibol  that  you  will  find  on  aircraft 
wiring  diagrams;    Each  aircraft  has  a  technical  manual  which  is  referred  to 
as  a  wiring  diagram  handbook  which  contains  the  symbols  that  will  be  used  on 
the  aircraft's  wiring  diagrams.    It  is  a  good  idea  to  review  these  symbols 
so  that  reading  the  diagram  will  have  meaning  to  you. 

Place  the  lettur  T  beside  each  of  the  following  statements  that  are  true- 


1.  The  symbols  used  on  an  aircraft  wiring  diagram  can  be  found  in 
the  wiring  diagram  handbook  for  that  particular  aircraft. 

2.  A  wiring  diagram  will  have  meaning  if  you  can  interpret  the 
symbols  that  are  used. 
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OBJECTIVES 

1.  Specify  r.he  control  devices  used  in  electrical  circuits 
with  a  ninimum  accuracy  of  80% • 

2.  Select  the  protective  device  symbols  used  in  electrical 
circuits  with  a  minimum  of  80%  accuracy, 

INSTRUCTION 

Read  each  frame  carefully,  beginning  with  the  first  frame. 
Answer  the  questions  at  the  end  of  each  fraira  according  to  t:he  instructions 
provided  in  each  frame.    Check  your  answers  by  comparing  your  response 
with  the  correct  answers  which  are  found  on  top  of  the  following  page. 
If  you  made  an  error,  determine  the  cause  of  your  error,  and  correct  it 
before  going  on  to  the  next  frame,    men  ycu  complete  this  lesson, 
contact  your  instructor  for  further  instructions.    Do  not  mark  in  this 
text.    Write  your  answers  on  the  response  sheet. 


Supersedes  3ABRA2331-PT-105C,  17  Augusu  1Q77. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;     TTVSA  -  1 
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Frame  1 


Control  and  protective  devices  are  vety  important  parts  in  an 
electrical  circuit.    Control  devices  are  used  to  control  the  paths 
for  the  flow  of  current.    Protective  devices  are  used  to  protect 
units  and  wiring  in  the  event  the  load  is  too  large.    These  types 
of  devices  are  used  in  your  houses  as  well  as  in  aircraft.  These 
devices  are  identified  by  symbols  in  schematic  diagrams  since  it 
would  be  difficult  to  draw  in  a  picture  of  each  device.    It  is  very 
important  that  you  learn  all  about  them  and  associate  these  devices 
by  name,  symbol,  and  their  purpose  in  a  circuit.    Let  us  see  what 
you  already  know  about  control  and  protective  devices. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions  on 
the  response  sheet. 

 An  example  of  a  protective  device  is  a 

a.  switch. 

b.  fuse. 

2»      A  fuse  is  used  for  the  same  purpose  as  a 

a.  switch. 

b.  circuit  breaker. 

 3.      If  a  fuse  is  wrapped  with  tin  foil,  it  will  provide 

protection  for  the  circuit. 

a.  True 

b .  False 

 ^4.      Switches  are  used 


a.  to  control  circuits. 

b.  as  protective  devices. 

5.      Circuit  breakers  are  used 


a.  to  control  circuits. 

b.  as  protective  devices. 


3 

499 


Answers  to  Frame  1:       b    1>       b    2>    _b    3.    _a    A.       b  5. 


Fraise  2 

If  you  have  answered  all  of  the  questions  correctly  in  frame  1, 
this  shows  that  you  do  know  a  little  about  control  and  protective 
services •    But,  let  us  take  a  taorc  detailed  look  at  these  units.  We 
will  start  with  the  control  devices •    Control  devices  are  known  as 
switches.    Although  there  are  hundreds  of  types  of  switches,  all  of 
them  can  be  grouped  in  one  of  four  types.    The  four  types  of  switches 
are  manual,  mechanical,  magnetic  operating  types  and  electronic 
devices.    We  will  study  the  first  three  in  this  text.    The  fourth, 
an  electronic  device,  will  be  studied  later^ 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  '^T"  on  the  response 


A  magnetic  switch  is  a  circuit  control  device. 

Fuses  are  used  to  control  a  circuit. 

There  are  hundreds  of  classes  of  control  devices. 

Control  devices  are  used  to  control  paths  for  current  to 
flow. 


sheet . 

 ^1. 

 2. 

 3. 

 ^4. 
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Answers  to  Frame  2:       T  1> 


2. 


3.       T  4. 


FraiDe  3 

Let  us  study  the  manual  switches  first.    A  sample  of  a  SPST 
switch  can  be  found  in  display  board  number  nine  in  your  classroom. 
The  most  common  type  of  manual  switch  is  known  as  the  toggle  switch. 
This  switch  has  a  toggle  which  you  must  operate  manually  to  open  or 
close  the  switch  internal  electrical  path.    When  we  say  manually, 
it  means  you  must  physically  move  the  toggle.    Let  us  take  a  look 
at  a  simple  toggle  switch.    If  we  learn  the  principles  of  this 
switch,  they  can  be  used  for  all  toggle  switches,  shown  here. 


TERMINALS 


All  toggle  switches  have  poles.    A  pole  is  the  movable  contactor. 
Since  the  switch  above  has  only  one  movable  contactor,  it  is  known 
as  a  single  pole  (SP)  switch.    When  the  toggle  is  moved  to  the  other 
position,  it  pushes  the  pole  down  to  make  contact  with  the  terminal 
on  the  right,  completing  the  circuit  to  both  terminals, 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

 ^1.      When  the  toggle  is  move!  to  the  ON  position  the  poles  which 

are  internal  contacts  are 

a.  close. 

b .  open . 

 ^2.      Poles  are  also  known  as* 

a.  positions. 

b.  terminals. 

 ^3.      The  s^^itch  above  is  shown  in  the 


a.  closed  position. 

b.  open  position. 
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Answers  to  Frame  3:       a    1«       h    2.   b  3. 

Frame  4 

Switches  also  have  movements  called  throws.    This  means  the  number 
of  W  positions  the  switch  has,  which  means  the  number  of  pathf;  where 
current  can  flow.     In  the  switch  below  there  is  only  one  ON  position  or 
one  path  for  current  to  flow.    Therefore,  this  5    known  as  a  single 
throw  (ST)  switch.    Notice  the  symbol  below  on  . '  ,  right.    This  is  the 
way  we  show,  on  a  schematic  Jiagrsm,  that  the  switch  is  closed. 


SYMBOL 

Notice  that  there  is  now  a  complete  path  for  current  flow  through  tht- 
switch.    This  path  is  shown  by  a  series  of  arrows  in  the  above  switch. 

DO  NOT  MARK  lY  xHIS  TEXT 

Mark  the  following  true  statement  with  a  "T"  on  the  response 
sheet . 

1.  The  switch  above  is  known  as  a  SPST  toggle  switch. 

2.  The  number  of  throws  a  switch  has  is  equal  to  the  number  of 
terminals  on  the  bottom  of  the  switch. 

 3.      The  switch  above  is  shown  in  the  CLOSED  or  ON  poulcion. 

4.      SPST  stands  for  simple  polarized  switch  terminals. 


^02 


Answers  to  Frame  4:  __T_1« 


2.       T  3, 


Frame  5 

To  make  a  complete  identification  of  a  toggle  switch,  there  is 
one  more  thing  you  should  know.    That  is  the  number  of  positions  it 
has.    The  switch  shown  in  frames  3  and  4  has  only  two  positions;  they 
are,  one  "ON"  position,  and  the  other  is  the  "OFF"  position. 

DO  NOT  MARK  IN  THIS  TEXT 

Choose  one  of  the  answers  provided  and  write  its  letter  on  the 
response  sheet. 

1.  The  switch  you  have  learned  about  so  far  can  be  completely 
identified  by  calling  it  a 

a.  SPST  2-position  knife  switch. 

b.  SPDT  2-position  toggle  switch. 

c.  SPST  2-position  toggle  switch. 

d.  SPST  3-position  toggle  switch. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more- than  one  number, 

2.  SPST  toggle  switches  are  identified  by  what  number (s)  in 
frame  35? 
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Answers  to  Frame  5:    !•    c     2.  1,3,6 
Frame  6 

Now  let  us  look  at  another  nanual  switch.    Apply  the  same  things 
you  have  already  learned,  and  see  if  you  can  figure  out  how  it  works 
in  a  circuit.    Be  sure  and  look  at  the  symbol  which  represents  this 
switch.    See  display  #9  in  your  classroom, 

BOTTOM  VIE 


[£]ct>0 


ON    OFF  ON 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 1*      The  above  switch  has  two  positions. 

2*      The  above  switch  has  two  throws. 
 ^3*      The  above  switch  is  a  toggle  switch. 

 The  above  svritch  could  be  classified  as  a  double  pole  switch. 

5*      The  above  switch  could  be  used  to  complete  two  circuits,  but 
not  at  the  same  time. 

Choose  one  of  the  answers  provided  and  write  its  letter  on  the 
response  sheet. 

6.  The  switch  above  could  be  identified  completely  by  saying 
it  is  a 

a.  DPDT,  3-position  toggle  switch. 

b.  SPDT,  3-positlon  toggle  switch. 

c.  DPDT,  2-position  toggle  switch. 

d.  SPST,  3-positioii  toggle  switch. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

7.  SPDT  3-position  toggle  switches  are  identified  by  what 
n'imber(s)  in  frame  35? 
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Answers  to  Frame  6;   ^1,       T    2,       T    3,   ^4.       T  5. 

6.    b       7.    9  &  11  * 

Frame  7 

There  are  other  switches  which  act  almost  like  a  normal  SPST,  SPDT, 
etc^,  but  are  called  momentary  throws.    This  means  that  one  or  more  of 
the  throws  is  spring  loaded  to  the  OFF  position. 

DO  NOT  llARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

 When  the  switch  is  placed  to  one  of  the  ON  positions  and 

released,  it  springs  back  to  the  OFF  position. 

The  symbols  below  indicate  that  there  arc  momentary  thows  in  only 
the  direction  of  the  triangle. 
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Answers  to  Frame  7:       TT  !• 


Frame  8 


Since  you  are  not  able  to  look  inside  a  switch  to  figure  out  how 
May  polas  it  has  in  it,  there  is  a  way  you  can  find  out.    Place  a 
torgsle  switch  in  any  of  the  ON  positions.    Now  draw  an  arrow  through 
the  center  of  the  toggle,  and  count  the  number  of  terminals  it  points 
to.    Look  at  the  illustration  shown. 


Since  the  arrow  points  to  only  one  terminal,  this  is  a  SP  switch.  If 
there  were  two  terminals  in  a  row,  it  would  be  a  DP  switch,  etc.  Some- 
times the  switch  positions  are  marked  on  the  switch  case.    The  marks 
show  the  position  of  the  toggle.    We  can  tell  which  terminal  will 
match  one  or  the  other  of  either  of  the  positions  by  using  the  same 
arrow  as  above.    Look  and  see  that  the  switch  is  in  the  ON  position. 
The  arrow  points  to  the  ON  terminal. 


Mark  the  correct  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

.  i*      The  ON  te  -minal  at  the  bottom  of  the  switch  above  is  on  the 


a.  opposite  side  of  the  ON  position  of  the  toggle. 

b.  same  side  of  the  ON  position  of  the  toggle. 

If  the  switch  is  in  the  ON  position,  and  it  points  to  a  row 
of  three  terminals,  we  have  a 

a.  double  pole  (DP)  switch. 

b.  triple  pole  (TP)  switch. 


DO  NOT  MARK  IN  THIS  TEXT 


ERLC 
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Answers  to  Frame  8:       a    1.       b  2> 


Frame  9 

Now  let  us  look  at  some  toggle  switches  and  see  if  you  can  identify 

them. 


The  dashed  lines  between  the  poles  on  the  synfcols  mean  that  the  two 
poles  are  mechanically  linked  together.    If  you  move  the  toggle  to  the  ON 
position,  both  poles  go  to  the  ON  position.    Notice  the  ON  and  OFF 
positions  are  marked  on  the  switch  case,  and  arrow  through  the  center 
of  the  toggle  points  to  the  terminals  which  match  up  with  the  toggle 
ON  position.    Study  the  DPDT  in  display  #9  in  your  classroom. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 The  switch  in  figure  A  is  a  DPST,  2-position  toggle  switch. 

 2.      The  toggle  in  figure  A  points  to  two  poles. 

 The  switch  in  figure  A  is  a  3-position  switch. 

 The  switch  in  figure  B  is  a  DPDT,  2-position  toggle  switch. 

 ^5.      The  switch  in  figure  B  is  a  4-pole  toggle  switch  since  the 

total  number  of  terminals  in  ON  positions  is  four. 

 6*      The  switch  in  figure  B  is  a  3-position  switch. 
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F^'«|J%  ft  (cojittuued) 

IJs^  frame      to  ^swer  the  f QAiwtijv^  q^VftaMP^X  <^  th,^  ^^spo^ise 

^3^^^%^    Th?  blank  i»y  require  mpr<^  %)xm,  Qafe  m*J|i*«r^ 

 DPST  tpggle  9wltqbv<^  l(i«pLts4ft^     v^^fttt  ^^^Cs)  in 

frame  3,Sb? 

9>>     DPOT  toggle  switQ^i^a  ldej(itlifl.e4  by  vbat  aupot^e^Co,)  in 
fram^  3A? 
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Answers  to  Frame  9 : 


T    6.    2a0  7.      12  8. 


4. 


Frame  10 

We  have  talked  about  symbols  a  number  of  times  in  the  past  frames. 
Let  us  see  x-^hat  you  have  learned  about  them.    All  of  the  items  listed 
below  are  toggle  switches. 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  switches  to  their  symbols.    Write  the  letter  representing 
the  symbol  in  the  proper  blank  on  the  response  sheet. 


1 

2. 

DPST, 

2-position. 

3. 

SPST, 

2-positlon. 

4. 

SPST, 

2-position, 

spring  loaded  to  OFF. 

5. 

SPDT, 

3-position, 

1  position  spring  loaded  to  OFF. 

6. 

TPDT, 

2-position. 

7. 

TPDT, 

3-positicnc 

8. 

4PDT, 

3-position. 

A. 

B. 

C.  D. 

o 


E. 


O 

A 


Q  O 

^  o 


o 
o 


G. 


o 
o 
"o 
o 
o 


H. 


ERIC 
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Anwera  to  Frame  10:       h    1.       d    2.       f    3.       b    4.  _e5. 

a    6>       g    7.       c  8. 

Fraua  11 

Using  the  liat  of  switches  below,  locate  the  switches  in  frame  35 
and  enter  the  switch  number  in  the  blanks  provided  on  the  response 

Again  we  are  talking  about  toggle  switches  only.    It  is  possible 
that  oore  than  onft  number  can  go  in  a  blank. 

DO  NOT  MARK  IN  THIS  TEXT 


a. 

SPDT, 

2-posltion, 

b. 

4PDT^ 

3-po8ltion, 

1  position  spring  loaded  to  OFF, 

c. 

DPST, 

2-po8ltion. 

d. 

SPST, 

2-po8ltion, 

spring  loaded  to  OFF. 

e. 

4PDT, 

3-po8ltion. 

f. 

DPDX, 

3-posltion. 

SPDT, 

3-po8ltlon, 

1  position  spring  loaded  to  OFF, 
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Answers  to  Frame  11:      19    a.      17b.    2>10  c.       3_d.      18  e. 


12    f .  llg. 


Frame  12 


Another  type  of  manual  switch  is  the  rotary  selector  switch  as 
shown  below.    When  the  knob  of  the  switch  is  turned,  the  switch  opens 
one  circuit  and  closes  another.    Sometimes  there  are  a  number  of  wafers 
stacked,  one  on  top  of  the  other •    When  the  knob  is  in  any  one  position, 
it  will  complete  a  circuit  in  that  position  for  each  wafer.    This  type 
switch  is  used  as  the  function  switch  on  multimeters.    Study  the  rotary 
switch  stack  type  in  your  classroom  display  board  //9* 


ROTARY 

CONTACTS 
{POLCSI 


1  WAFER 
A 


2  WAFERS 
I 

DO  NOT  MAKC  IN  THIS  TEXT 


3  WAFERS 
C 


Mark  the  following  true  statements  with  a  "T"  on  the  response 

'^.heet . 


1.      The  dashed  line  in  the  schematic  synbol,  figure  C,  means  that 
all  the  poles  are  mechanically  linked  together. 


2.      The  schematic  symbol,  figure  C,  shows  that  the  switch  is  a 
triple-pole  (TP)  8-position  rotary  selector  switch. 


The  drawings  above  are  all  of  the  same  ST-titch. 


Use  frame  35  to  answer  the  following  questions  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 


_^4.      Rotary  selector  switches  are  identified  by  x^at  number (s) 
in  frame  35? 
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Answers  to  Frame  12:    _T_1.       T  2. 


3,    _7  4. 


Frame  13 

One  more  type  of  manual  switch  used  on  the  aircraft  is  shown  below. 
It  is  known  as  a  push  button  switch.    This  type  is  used  in  your  home 
to  ring  the  door  bell.    On  the  aircraft  it  can  be  used  as  a  microphone 
button.    When  the  pilot  wants  to  talk  over  the  radio  he  simply  pushes 
the  microphone  button. 


DO  NOT  M^JUC  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

 ^*      To  complete  the  circuit,  the  button  is  pressed. 

 2,      When  the  button  is  released,  the  circuit  is  broken » 

 ^3.      This  would  be  a  good  switch  to  use  in  a  lighting  circuit. 

 The  triangles  in  the  symbol  represent  momentary  contacts 

which  means  tl.e  switch  is  spring  loaded  to  OFF. 

Use  frame  25  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

 ^5,      Push  button  switches  are  identified  by  what  number(s)  in 

frame  35? 
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Answers  to  Frame  13:    _T_1.       T  2> 


3.    _T_4.      15  5. 


Frame  14 

Mechanical  switches  will  be  the  next  group  of  switches  that  we 
will  study •    The  word  mechanical  means  that  they  are  operated  by  some 
mechanical  device.    These  switches  are  shown  as  normally  open  (NO)  or 
normally  closed  (NC)  depending  on  the  position  to  which  they  ar^  spring 
loaded.    They  will  always  be  spring  loaded  to  one  of  these  positions, 
and  will  have  no  center  OFF  position.    This  kind  of  switch  is  called  a 
microswitch  or  limit  switch. 


OPERATI^J0  PLUNGER 


The  operating  plunger  in  some  way  will  always  be  hooked  to  some 
kind  of  spring  as  shown  in  the  drawing  above.    When  some  kind  of 
mechanical  thing  pushes  the  plunger  down,  the  switch  will  change 
positions.    The  switch  can  be  wired  to  either  the  NO  or  NC.    Each  of 
the  positions  can  complete  a  circuit,  or  only  one  set  of  contacts  may 
be  used.     It  all  depends  on  where  the  switch  is  used. 

DO  NOT  MARK  IN  THIS  TEXT 

i^rk  the  correct  answer  for  each  of  the  following  questions  on  the 
response  ^^heet• 

 ^  •      The  switch  shown  above  is  a 

a.  NC  microswitch. 

b.  NO  microswitch. 

 2.      The  switch  shown  above  is  a 

a.  two-position  switch. 

b,  three-position  switch. 

 3.      In  the  above  switch  the  moving  contact  arm  could  be  called  the 

a.  pole. 

b.  position. 
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Answers  to  Frame  14:       a    1>       a  2.       a  3* 


Fraioe  15 

Let  us  see  how  two  switches  like  the  one  In  frame  14  can  be  used 
In  a  circuit*    One  of  the  switches  Is  NO  and  the  other  Is  NC*    In  the 
schexnatlc,  the  throttle  loicroswltch  Is  NO  and  the  gear  switch  Is  NC. 
This  neans  If  the  throttle  were  pulled  back  to  Idle,  the  mechanical 
hook  up  would  press  the  plunger  In  the  switch  and  close  the  circuit. 
If  the  gear  Is  down  and  locked,  the  plimger  would  be  pressed  to  open 
the  circuit •    With  the  condition  shown  the  warning  horn  would  sound, 
warning  the  pilot  that  his  gear  is  not  down  and  locked.    Normally,  the 
throttle  Is  only  retarded  when  the  pilot  is  attempting  to  land. 


Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 


_^1.      If  the  throttle  is  retarded  and  the  gear  is  down  and  locked, 
the  warning  horn  will  sotind. 


2.      liThen  the  gear  comes  down,  the  gear  switch  will  OPEN. 


Frame  15  (Continued) 

3,     When  the  throttle  is  retarded,  the  throttle  inicroswitch  will 
OPEN* 

4*     The  purpose  of  the  above  circuit  is  to  warn  the  pilot  if  his 
gear  is  not  down  when  he  is  attetnpning  to  land* 
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Answers  to  Frame  15: 


1.       T    2,   3-  T_4. 


Frame  16 

The  symbol?  for  microswitches  can  be  drawn  several  ways,  but  they 
are  all  easy  to  identify  by  the  little  hump  drawn  over  the  pole.  Another 
symbol  for  a  microswitch  is  drawn  below. 

A  A 

SYMftOl 

DO  NOT  MARK  IN  THIS  TEXT 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number • 

 ^1*      Microswitches  are  identified  by  what  number (s)  in  frame  35? 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

 2,      Microswitches  can  be  identified  as  SPDT,  2-position,  etc. 

 3.      The  switch  identified  by  the  symbol  above  would  be  a  SPDT, 

2-position  microswitch. 
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Answers  to  Frame  16:    4,  14 


X_2.       T  3, 


Frame  17 

Mechanical  switches  can  also  be  oner^t--*^  u„  ^*.u 
hydraulic  or  pneumatic  systems,  we  neeno^?K?L  !^" 
pressure  is  too  high  or  too^     Because  J?  ^m! 

pressure  switches.  The  symbol  foi  a  p^essure^?;^  t  V^^^  '"'^ 
ways.    Examples  are  shown  below  switch  can  be  drawn  two 


-ve  ^o^::  :orLnyTSs^t^:o2^^^^^^^  ^^^^  -^^^ 

^connection),  not  circuit  \.^....tcal)  aonnJrZ.^  ""^""'^ 

DO  NOT  .MARK  IN  THIS  TEXT 

sheet^^T^I^Jv  '°  following  question  on  the  response 

Sheet.    The  blank  may  require  more  than  one  number.  ^^Ponse 

 ^'      fr^rS?"'"*"        identified  by  what  number(s)  in 


26I7 


Answer  to  Frame  17:      16  1> 


Frame  18 


Another  type  of  mechanical  switch  is  opeTrated  by  h^at^    It  ia  often 
ua^d  when  time  delays  are  needed  in  the  circuit.    It  takes  a  little  time 
for  the  switch  to  warm  up  and  then  close.    Several  syobols  for  the  heat 
or  thermal  switch  are  shown  below* 


When  the  element  (not  shewn  in  the  syobols)  is  heitted,  the  metals 
expand  to  touch  the  contact,  completing  the  circuit.    Other  uses  for 
thermal  switches  are  as  warning  switches  and  temperature  sensing 
devices. 


DO  NOT  MARK  IN  THIS  TEXT 


Use  frame  35  to  answer  the  following  question  on  the  response 
sheet*    The  blank  may  require  more  than  one  number. 

 Thermal  switches  are  identified  by  what  number (s)  in  frame  35? 
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Answer  to  Frame  18:       5  !♦ 

Frame  19 

You  have  now  covered  most  of  the  control  devices  in  frame  35.  Let 
us  see  what  you  have  learned* 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  switches  to  their  symbols.    Write  the  letter  representing 
the  symbol  In  the  proper  blank  on  the  response  sheet* 

 ^1.  SPST  pressure  switch. 

 2.  SP  rotary  selector  switch. 

 ^3.  SPDT  microswltch. 

  DPDT  toggle  switch. 

 5.  SPDT  push  button  switch. 

 ^6,  DP  rotary  selactor  switch. 

 7.  Thermal  switch. 


5¥9 


Answers  to  Frame  19:       c  e    2>       a    3,       f    4>       o  5. 

«   6,       d  7> 


Frame  20 

This  brings  us  to  the  third  class  of  switches;  the  magnetic  type, 
Th^se  switches  are  better  known  as  relays  and  can  be  placed  into  two 
different  types,  fixed  core  and  movable  core.    See  display  #9  in  your 
classroom  for  relay  displays. 


MSUlATOft  IIOCK 

The  Relay  is  a  Switch 
Operated  by  an  Electromagnet. 

The  relay  shown  on  this  page  has  a  fixed  core.    When  current 
passes  through  the  coil  surrounding  the  core,  it  produces  an  electro- 
magnetic  field  which  attracts  the  iron  armature  and  pulls  it  down 
against  spring  tension.    This  closes  the  contacts  to  complete  the 
circuit.    When  there  is  no  current  flow  in  the  coil,  the  spring  tension 
opens  the  contacts. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions  on 
the  response  sheet. 

 The  relay  shown  is  a 

a.  DPST  relay. 

b.  SPST  relay. 

 ^2.      A  relay  is  actually  a 


a. 
b. 


switching  device, 
safety  device. 


Answers  to  Frame  20;    _b_l.       a  2. 


Frame  21 

Relays  are  used  to  open  or  close  circuits  by  remote  control • 
Note  that  there  are  two  distinct  circuits.    In  the  diagram  below, 
both  circuits  use  the  same  battery  power  source*    The  control  circuit 
consists  of  the  switch  and  the  relay  coil.    The  controlled  circuit 
consists  of  the  rela>  contacts  and  the  bell  which  are  in  the  circuit 
with  the  heavy  dark  lines. 


CONTIOl  SWITCH 

ftCLAY 


The  relay  can  be  placed  in  the  circuit  close  to  the  unit  it 
controls.    This  eliminates  a  great  amount  of  heavy  wiring,  thereby 
reducing  aircraft  weight.    The  relay  is  then  controlled  by  smaller 
wires  which  can  be  operated  from  any  place  inside  the  aircraft. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response  • 
sheet. 

 !•      The  circuit  which  catises  the  relay  to  operate  could  be 

called  the  control  circuit. 

 2.      The  relay  contacts  above  are  in  the  control  circuit. 

 3.      The  schematic  above  shows  the  relay  coil  mechanically  linked 

to  the  relay  armature. 

 ^.      The  bell  circuit  could  be  called  the  load  circuit. 
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Answers  to  Frame  21:       T    1.   2.       T    3.       T  4. 

Frame  22 

So  far  we  have  avoided  saying  that  a  relay  is  either  open  or 
closed.    The  reason  for  this  is  explained  in  the  following  sentences. 
Let  us  take  a  look  at  another  synbol  for  a  relay  wired  in  a  simple 
circuit.  ^ 


^  eni- 

 ©Hi- 


C 


You  can  see  that  the  relay  above  completes  a  circuit  in  either 
position.    So,  which  position- would  be  the  CLOSED  position?  The 
answer  is,  both  positions  are  CLOSED.    Therefore  it  is  far  better  to 
speak  of  a  relay  as  being  either  energized  or  deenergized.  Energized 
Jneans  that  current  is  flowing  through  the  coil  pulling  the  contacts 
toward  the  coil.    Relays  are  always  drawn  deenergized  unless  otherwise 
stated . 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 


_1.      The  relay  shown  is  a  SPST  relay. 

_2.      VJhen  the  relay  is  deenergized,  the  lamp  #1  will  glcxw. 


_3.      Both  lamps  can  operate  at  the  same  time. 
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Answers  to  Frame  22:   1.    _T_2.   3. 


Frame  23 

There  are  probably  just  as  many  types  of  relays  as  there  are  toggle 
switches •    Some  relays  require  large  amounts  of  current  to  flow  through 
the  contacts  •    You  might  say  they  are  heavy  duty  relays  •    Their  symbols 
are  drawn  as  in  the  diagram  on  this  page. 


HIGH  CURRENT  CAILCS 


SPRING 


The  coil  hook  ups  are  usually  labeled  XI  and  X2,  while  the  contacts 
are  labeled  Al  and  A2,  Bl  and  B2,  etc.    Notice  that  triangles  are  used 
to  show  memoraentary  contacts  the  same  as  they  do  in  toggle  switches. 
These  type  of  relays  are  often  called  solenoid  relays  and  have  movable 
cores.    The  soft  iron  core  is  hooked  to  the  bar  or  bars  at  the  top."  When 
current  flows  through  the  coil,  the  electromagnet  will  tend  to  center  the 
iron  core  into  the  hollow  center  of  the  coil. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 Solenoid  relays  are  used  as  heavy  duty  relays. 

 2.      Solenoid  relays  have  fixed  cores. 

 3.      If  you  see  the  letters  X^^  and  X^  on  the  terminals  of  a  relay, 

you  will  know  that  these  are  the  coil  connections. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

 ^*      Relays  are  identified  by  what  number (s)  in  frame  35? 


^23 


Answers  to  Frame  23x       T    1,   2,       T    3,      13  4. 

Fraaie  24 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  list  of  relays  belov  to  their  symbols. 

Write  the  letter  corresponding  to  the  proper  synibol  in  the  blanks 
provided  on  the  response  sheet. 


 ^1. 

SPDT 

fixed  core  relay. 

2. 

4Piyr 

fixed  core  relay. 

3. 

TPDT 

fixed  core  relay. 

4. 

SPST 

solenoid  relay. 

5. 

SPST 

fixed  core  relay. 

6. 

4PST 

solenoid  relay. 
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Answers  to  Frame  24:       d    1>       b    2.       e    3>       a    4>       f_5.  c 


Frame  25 

Use  the  list  of  relays  below »  and  locate  the  relay  in  frame  36  of 
this  text.    Write  the  nutnber  of  the  relay  in  the  blanks  provided  on  the 
response  sheet.    A  blank  may  require  more  than  one  number. 

DO  NOT  MAKK  IN  THIS  TEXT 


a. 

TPST  relay. 

b. 

4PDT  relay. 

c. 

SPST  relay. 

d. 

SPDT  relay. 

e. 

TPDT  relay. 
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Answers  to  Frame  25:       A    a.    _8_b.    1>  2,  5,  14  7    d.    3,  6  e. 


Frame  26 

Now  we  are  ready  to  discuss  protective  devices •    The  purpose  of 
these  devices  is  to  protect  electrical  circuits  from  excessive  overload 
or  circuit  damage.    An  overload  means  that  too  much  current  is  flowing 
ixi  the  circuit.    This  condition  can  be  caused  by  a  short  circuit,  or 
trying  to  operate  too  many  units  on  one  circuit •    Overloaded  circuits 
cause  the  wire  to  overheat,  and  possibly  burst  into  flames.  Protective 
devices  are  kr^own  as  fuses  or  circuit  breakers.    Let  us  talk  about  fuses 
first.    Here  are  a  few  examples. 


The  fuses  elements  ara  made  to  melt  at  a  much  lower  temperature 
than  the  wire  in  the  circuit  it  is  protecting.    In  case  of  an  overload, 
the  fuse  element  melts  to  open  the  circuit. 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet, 

 ^1.      A  fuse  rated  at  5  amps  would  blow  (burn  out)  if  6  amps  were 

flowing  in  the  circuit, 

 ^2,      A  protective  device  should  be  used  in  every  circuit. 

Use  frame  36  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number, 

 ^3,      ruses  are  identified  by  what  number(s)  in  frame  36? 
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Answers  to  Frame  26:       T    1.       T    2.    11>  12 t  13  3. 


Frame  27 

Other  types  of  fuses  will  allow  a  power  overload  for  a  short 
period  of  time  before  blowing.    These  type  fuses  are  usually  referred 
to  as  "slow  blow"  fuses.    They  are  needed  in  electric  motor  circuits 
because  motors  require  higher  current  for  starting  than  they  need 
for  continuous  running.    If  for  some  reason  this  higher  current  flow 
should  go  on  past  the  starting  stage,  the  fuse  would  blow,  protecting 
the  circuit.    These  fuses  are  perfectly  safe  since  it  takes  a  little 
time  for  the  wires  to  heat  up.    If  we  put  in  exactly  the  right  size 
fuse  to  protect  the  circuit  wiring  for  a  running  motor,  it  would  blow 
every  time  the  motor  started, 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

 !•      High  starting  current  would  probably  blow  an  ordinary 

a,  switch, 

b,  fuse, 

 ^2.      "Slow  blow"  fuses  will  allow  higher  than  rated  current  flow 

a,  temporarily, 

b,  indefinitely. 

 ^3.     A  blown  10  amp  fuse  was  replaced  in  a  10  amp  circuit.  There 

would  be  a  possibility  of  fire  without  the  fuse  ever  blowing 
if  it  was  replaced  by  a 

a.  30  amp  fuse. 

b.  5  amp  fuse* 
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Answers  to  Frame  27:       b  1. 


2. 


3. 


Frame  28 

Another  type  of  protective  device  is  known  as  a  circuit  breaker. 
Three  types  of  circuit  breakers  are  shown  below  along  with  the  symbol 
for  each.    Circuit  breakers  serve  the  same  function  as  fuses,  that  is, 
to  protect  circuits  in  the  event  of  an  overload. 


PUSH  TO  HeSET 

A 

PUSH.PUU 

A 

SYMIOI 

SYMftOl 

TOGGU  TYPE 


n 


SYMBOL 


The  push-pull  and  the  toggle-type  circuit  breakers  can  be  used 
to  open  a  circuit  manually,  the  same  as  you  would  do  with  a  switch. 
All  of  these  will  work  automatically  to  open  the  circuit  m  the  event 
of  an  overload. 

DO  NOT  MARK  IN  THIS  TEXT 

Use  frame  36  to  answer  the  following  question  on  the  r^spouse 
sheet.    The  blank  may  require  more  than  one  number. 

1.      Circuit  breakers  are  identified  by  what  number (s)  in  frame  36 
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Answers  to  Frame  28:    9>  10  1. 


Frame  29 


Circuit  breakers  operate  on  the  thermal  effect  of  current.  This 
means  that  wires  and  electrical  components  are  heated  by  the  current 
that  flows  through  them.    If  too  much  current  flows  through  a  circuit 
breaker,  the  heat  created  by  the  current  causes  the  circuit  breaker  to 
trip  or  "pop*"   You  can  tell  at  a  glance  when  a  push  button  or  push-pull 
circuit  breaker  is  tripped  because  of  a  white  band  around  the  button. 
When  the  button  is  pushed  in,  you  cannot  see  the  white  band.    When  the 
cirjuit  breaker  is  tripped,  the  white  band  is  exposed.    You  can  also  tell 
when  the  toggle  type  circuit  breaker. is  tripped,  because  it  will  be  in 
the  OFF  position. 


•  RCAKtR  CLOSED  CllClCI  IT  OPtNSi 

ON  NOtMAl  tOAD  ON  OVettOAO 


Mark  the  following  true  statements  with  a  "T"  on  the  response 
slieet. 


,1.      Tlie  thermal  effect  which  causes  a  circuit  breaker  to  trip 
is  caused  by  the  applied  voltage. 

.2.      A  circuit  breaker  is  a  device  which  prevents  damage  to 
circuit  components. 

3.      You  can  tell  when  a  circuit  breaker  is  pushed  in,  because 
you  can  see  the  white  band. 


529 

33 


Answers  to  Frame  29:   ^1.       T  2. 


Frftme  30 

Fuses  and  circuit  breakers  ^oulcl  fteVHr      by|>«8Sed  by  putting  a 
pentiy  b^ihitid  a  fuse  or  wra|>pihg  a  fu&e  with  tinfoil.    If  a  fu6e  blows 
or  a  circuit  breaker  "popt"  theit  is  usually  a  gobd  reason  for  this  to 
hiipl^tti*    If  you  bypass  the  ptotective  device^  a  serious  fire  could 
result.    NfiVER  BYPASS  A  PROTfefctlVfi  DfiVtCE.    Neither  should  you  replace 
a  protective  device  with  one  that  has  *  latgfer  rating  tlian  ia  called 
for  in  the  circuit. 

Mark  the  following  true  statetlients  with  a  '*T"  on  the  response 
sheet. 

 ^1.     A  penny  placed  behitid  a  fuse  would  cause  the  circuit  protection 

to  bfe  bypassed. 

 2.     Many  fires  are  caused  on  aircraft  because  rf  the  lack  of 

circuit  protection. 

 3.      BypgiSsing  the  circuit  protective  device  would  be  the  same  as 

having  no  protection  at  all. 
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Antwtrs  to  Frant  30:      T   1.  2.      T  i. 

Framt  31 

All  control  and  protactlva  davlcM  ara  ratad  by  currant  and 
voluga.   Sona  davlcaa  hava  a  data  pitta  and  othara  hava  tha  rating 
atanpad  on  tha  alda  of  tha  caaa.   Alvaya  uaa  davlcaa  with  propaf 
ratinga  In  any  circuit* 

DO  NOT  MAIK  IN  THIS  TEXT 

Mark  tha  corract  annrar  for  aach  of  tha  following  quaatlona  on  tha 
rasponaa  ahaat. 

.^^l.    Control  and  protactlva  davlcaa  hava  two  thlnga  in 
They  ar«  all  rattd  in 

««  currtttt  oaly* 
b«  voltai*  only, 
e.     currtnt  and  volt«t«* 

2.  X#tinsf.  em  usually  bt  found  iom  pl«c«  on  tht  control  or 
prottetlvt  dtvlot. 

«.  Truo 
b.  f«lM 

3.  You  Should  pay  itrlot  attantlon  to  tha  control  and 
protaotlva  davleai 

a.  aanufaotura  tltla. 

b.  ratlngi. 

I 
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3S 

dtSr  COPY  AVAILABLE 


Ansyera  to  Frame  31)    .fc  Tl.    .Sa   2.    .lb  T3.    :0f:  aiuti^  03  ai^wtniA 

Bw  )a&)siiaet(Mba8a]toa:tliaii«ol«ai}n«tflaboao:iqoh6soloattd->i>ritActlve 
<le)|i(t«»x  sKatabetfhaiMiBabmi  >haIql|b«bwitbveKaatjpM}Olioon3tha»iafi9v 
VriteT^7^titii»  aosm^a41mi^aXlha.app9op2{lafta  MticarilnnthfcsMaaka 

provided  on  the  reaponaa  aheat.  .Jiijo^io  ^fae  ni  aani3r.ii 

["^A|xx3T  aiUf.Mi  jUUm  ¥«amtatary  on"  awitch 
aria  (lo  anoiJ^sup  i^twollol  aria  ib.(fo6Buib3btt6toni>iw46oho3  aih 

c.     Circuit  breakar  (puih-pull) 
  2.      or^  O  d.  SPS3:-irilajix(i«ieaoidTi«re) 


  3.       f\9  ®'      Thermal •{ft|ttoh3-r:rii:j  ,6 

.•^ino  agsjiov  t5 
^       ^  .^Qiiwiftob  (tiotfU) 

so  io-j3floD  i'lfi  jTf'  £»0Blq  ^1nloegl5"l•'^i»elu:^  jlMjaakar-^(poah-toi-regat) 

A     A  h.     Pressure  switch 

  6.       __^p^   i.     Rotary  8-posit±otlB«witch 

fans  lotiir/oo  srfd  o:j  fioJidnsiilicnodKibclta^liiiltiiawitch)  .f  

—     *      ^   ^  k.     SPST  switch  (toggle) 

.oJ.jta   'JTUl'iilill.'f.PI  .i;- 

<r    A  SPST  relay  (fii»Bd*corc  type) 


8. 
9. 

10. 


12. 


•I- 

•    i  • 
a 


m.  Circuit  breaker  (toggle-tJTpe) 
n*  Fuse 


13. 
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er|c  best  copy  mmii 


Answers  to  Frame  32:       d    !♦       k    2.       n    3>       m   4>      b  5, 

e  6>  j  7>  a  8>  g  9>  1  10> 
h    11>       f    12.       c    13>       1  U. 


Fraae  33 

Using  the  list  of  control  and  protective  devices  below,  find  these 
items  to  frames  35  and  36 »  and  list  their  corresponding  numbers  in  the 
blanks  provided  on  the  response  sheet.   You  may  have  to  use  more  than 
one  number  in  a  blank.    It  is  MOT  important  that  you  list  vhich  frame 
the  item  is  on,  as  long  as  you  have  the  correct  nunber  in  the  proper 
blank* 


b. 

C. 

Circuit  hi*PAltPT  ^Ollah•tlul  1^ 

d. 

SPST  relav  faolanoid— tvoe) 

e. 

Thermal  switch 

f. 

SPDT  switch  (toggle) 

OPDT  switch  (coggle) 

h. 

Pressure  switch 

i. 

Rotary  switch 

J. 

Microswltch  (limit  switch) 

k. 

SPST  switch  (toggle) 

I. 

SPDT  relay  (iTixed-core-type) 

m. 

Circuit  breaker  (toggle-type) 

n« 

Fuse 
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Answers  to  Frame  33:       3    a>      15    b*       9    c.      14    d.       5  e> 

19.  11  f .    JL2_g.      16    h.  _7_i. 

A.  14  1>    1,  3.  6  k>   7  1.      IQ  m, 

11>  12.  13  n. 

Frame  34 

V/hich  of  the  following  ratings  are  common  to  fuses,  circuit 
breakers,  and  switches?    Write  the  letter  which  identifies  your 
answer  on  the  response  sheet. 

a.  Current,  voltage  and  pressure. 

b.  Current,  voltage,  and  blow  characteristics. 

c.  Current,  voltage  and  temperature. 

d.  Current  and  voltage. 
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Fraioe  36 


PROGRAMMED  TEXT 


C3ABR42331-PT-112 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


USE  OF  TEST  EQUIPMENT 
(PSM-37  MULTIMETER) 


9  July  1983 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 


DO  NOT  USE  ON  THE  JOB 


/erJc 
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OBJECTIVE 


Given  a  power  bench »  a  voltage,  current,  and  resistance  readings 
test  board,  and  a  PSM-37  multimeter,  measure  to  the  nearest  graduation 
on  the  meter's  scale  four  sets  of  electrical  values,    A  minimum  of  9 
out  of  10  of  the  DC  voltage,  AC  voltage,  and  DC  current  sets  must  be 
correct •    A  minimum  of  4  out  of  5  of  the  resistance  sets  must  be 
correct • 


INSTRUCTIONS 


This  Programmed  Text  presents  information  in  small  stens  called 
••frames".     Carefully  study  the  material  and  respond  when  required.  Check 
your  responses  with  the  answers  given  on  the  next  page.    If  you  don't 
understand  the  material  ask  your  instructor  for  assistance. 


INTRODUCTION 


In  the  inspection,  maintenance,  and  operation  of  Aircraft  Environmental 
Systems  you  will  sometimes  run  iato  problems  with  electrical  circuits. 
To  find  the  cause  of  the  problems  you  will  be  required  to  measure: 

1,  The  amount  of  current  flowing  through  a  circuit, 

2,  The  voltage  at  various  points  throughout  the  circuit, 
*3,      Circuit  resistance. 

The  multimeter  is  a  multipurpose  instrument  that  can  measure  AC/ DC 
voltages,  resistance,  and  AC/DC  current  flow. 


Supersedes  ST  C3ABR42331-PT-il2,  19  November  1982, 
OPR:     3370  TCHTG 


DIS  fRTBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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ERIC  2 


ERIC 


Below  is  an  illustration  of  the  PSM-37  multimeter, 
yourself  with  the  location  of  its  parts. 

NO  RESPONSE  REQUIRED 

MULTIMETER 
ME- 418/ 

US 


Frame  1 
Familiarize 


A) 

OHMS  SCALE 

B) 

VOLTS  &  CURRENT  (AC/DC) 

SCALE 

C) 

NEEDLE 

D) 

OilMS  ADJUSTMENT  KNOB 

E) 

FL'NCriON  SWITCH 

3 

F) 

LEAD  JACKS 

G) 

RANGE  SWITCH 

H) 

POLARITY  SWITCH 

I) 

RESET  BUTTON 

J) 

OVERLOAD  INDICATOR 
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Frame  2 


The  meter  face  shows  the  values  that  you  are  measuring.    It  is  made 
up  of  two  scales,  OHMS  and  AC  and  DC* 

The  greon  OHMS  scale  Is  used  when  you  make  a  resistance  test.  It 
is  read  from  right  to  left  (0 

The  black  AC  &  DC  scale  is  used  when  you  make  a  voltage  or  current 
test  of  circuits*    The  values  of  the  scales  will  be  volts  when  measuring 
voltage  and  milliamperes  (MA)  when  you  test  for  current. 

The  meter  needle  (pointer)  points  to  the  value  of  volts,  milliamperes 
or  ohms  being  measured. 


Match  the  statement  or  functic  x 
they  relate  to  in  Column  A, 

Column  A 

1*    OHMS  scale  a. 


2,  AC  &  DC  scale 

b. 

3,  Needle 


c. 


Column  B  with  the  names  to  which 


Column  B 

Elack  scale  and  read  left 
to  right. 

Moves  to  indicate  the 
value  being  measured. 

Ranges  from  zero  (0)  to 
infinity  («^), 


Answers  to  Frame  1:    No  Response  Required 
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Frame  3 


The  FUNCTION  switch  can  be  seen  in  the  lower  left  on  the  meter 
front.     It  is  used  to  set  the  meter  up  to  test  for  AMPS,  OHMS,  or  VOLTS. 
The  ones  that  you  will  have  to  use  are  the  "MA"  position  for  current 
checks,  the  IK^/V  for  voltage  checks,  and  "LP"  and  "STD"  for  resistance 
checks.    The  "LP"  position  on  ohms  has  a  low  power  outpuC:  for  use  when 
testing  small  values  of  resistance  (0  to  60  Q) .    The  "STD"  is  used  for 
all  other  ohms  checks. 


OHMS 


VOLTS 


AMPS 


20Kn/N 


MA  - 
PULSE  MA 


IKn/V 


tOOVA 
SPECIAL 
tOOMV 


10  MEG  n 


FUNCTION 


Place  a 


checkmark  (/)  beside  each  true  statement. 


To  set  the  meter  for  measuring  voltage,  you  would  turn  the 
function  switch  to  IKQ/V  voltage  setting. 


The  "STD"  position  of  the  function  switch  is  for  measuring 
low  powered  components. 


Answers  to  Frame  2:    1.  £,    2.  a,    3.  b. 


ERIC 
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Frame  4 


The  OHMS  ADJUST  knob  is  found  at  the  center  and  to  the  left  of  the 
meter  front  and  Is  marked  ADJ.    It  is  used  to  compensate  for  the 
aging  of  the  batteries  that  are  in  the  meter.    It  is  turned  to  make  the 
needle  line  up  on  the  "0"  on  the  ohms  scale,  before  you  make  a  resistance 
check. 

NO  RESPONSE  REQUIRED. 


Answers  to  Frame  3: 


/  1. 


2. 


ERJC 
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Frame  5 


The  test  jacks  are  found  at  the  bottom  center  of  the  meter  front. 
The  red  one  is  the  positive  jack  and  is  marked  with  a  The  black 

jack  is  negative  and  is  not  marked.    The  two  jacks  give  a  connection 
point  for  the  meter  leads*    There  are  two  meter  leads;  one  red  and 
one  black.    The  red  lead  v'll  always  be  placed  in  the  positive  side  of 
the  circuit  and  the  black  in  the  negative.    If  you  reverse  the  leads, 
the  meter  may  be  damaged  when  it  is  connected  to  a  live  circuit  (one 
that  has  power  on)  .    Refer  to  the  diagram  below. 

Note:    Place  your  meter  leads  in  the  test  jacks  of  your  meter 
at  this  time  (the  leads  are  normally  stored  in  the  meter  lid) . 


BLACK  JACK 


BLACK 
PLUG 


Complete  the  following  statement (s)  by  choosing  the  correct  word 
OR  words  and  record. 


1.      The  red  lead  is 
connected  to  the 


(negative-positive)  and  is 


(red-black)  meter  jack.  The 


(red-black)  negative  lead  is  connected  to  the 
meter  jack. 


(red-black) 


Answer  to  Frame  4:    No  Response  Required 


ERIC 
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Frame  6 


Ihe  RANGE  switch  is  found  in  the  lower  right  corner  of  the  meter 
front  and  is  marked  RANGE. 

The  range  switch  is  used  to  set  the  maximum  values  of  voltage  and 
current  to  be  measured  or  the  multiplier  for  the  resistance  checks. 
The  maximum  range  settings  for  voltage  and  amps  are  those  numbers  below 
the  line.    The  multiplier  is  the  R  X  numbers  above  the  line.  The 
position  of  the  RANGE  switch  relates  one  of  three  things  to  the  operator: 


The  maximum  voltage  that  the  meter  can  measure  at  that  particular 


range  setting.    For  example:    When  set  on  10,  the  meter's  highest  voltage 

reading  is  10  volts.    On  a  switch  setting  of  1,000,  the  highest  voltage 

value  the  meter  can  read  is  1,000  volts.  When  reading  voltage,  set  the 
function  switch  to  IK^^Vv. 


The  maximum  current  that  the  meter  can  measure  at  that  particular 


range  setting.  The  RANGE  switch  is  used  in  the  same  manner  as  when  using 
it  for  voltage.  When  reading  current,  set  the  FUNCTION  switch  to  the  MA/ 
pulse  MA  position. 

3.      The  multiplier  of  the  ohmic  (resistance)  value  that  the  meter 
is  reading.    Set  the  FUNCTION  switch  to  the  OHMS-STD  position  and  the 
range  switch  to  R  x  IK.    Multiply  the  meter  reading  by  1,000  to  get  the 
correct  resistance  value.    The  reason  you  multiply  by  1,000  is  that  K 
means  Kilo  or  1,000.    50xlK  would  equal  50,000. 


Place  a  "T"  in  the  space  provided  beside  each  true  statement. 

1.  The  range  switch  means  the  maximum  voltage  the  meter  will 
measure  on  the  OHMS  function. 

2.  While  the  PSM-37  is  set  to  AMPS  -  MA,  the  range  switch 
tells  the  operator  the  maximum  current  the  meter  is  capable 
of  measuring  at  that  setting. 

3.  With  the  RANGE  switch  in  the  R  X  lOK/250  setting,  the 
operator  would  multiply  the  OHMS  scale  readings  by  10,000. 


Answers  to  Frame  5:    I*  positive,  red,  black,  black 


BJUH 


MAXIMUM 
VALUES 


RANGE 
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Frame  7 

Located  on  the  right  side  of  the  meter  just  above  the  range  switch 
is  the  POLARITY  switch.    The  POLARITY  switch  turns  the  multimeter  on  and 
off,  and  sets  the  meter  to  test  DC+,  DC-,  or  AC.    The        and  signs 
mean  the  POLARITY  that  must  be  applied  to  the  red  test  lead  when  you 
make  DC  measurements  so  that  the  meter  pointer  will  move  up  scale  to 
the  right.    If  the  pointer  moves  to  the  left,  just  change  the  POLARITY 
switch  to  the  other  DC  setting  or  reverse  the  test  leads  in  the  circuit. 
When  you  make  OHMS  checks,  the  +  or  -  will  mean  the  output  polarity  of 
the  red  test  lead.    The  shape  of  the  POLARITY  switch  knob  will  not  allow 
the  cover  for  the  meter  to  be  put  on  unless  the  switch  is  in  the  off 
position. 


FF 


Complete  the  following  statements  by  placing  the  correct  word(s) 
in  the  blank  spaces. 

1.  When  a  negative  voltage  is  applied  to  the  red  lead,  the 
polarity  switch  must  be  turned  to  the   ^  position. 

2.  The  meter  POLARITY  switch  would  be  turned  to   

position  when  measuring  alternating  current. 

3.  If  the  meter  needle  moves  to  the  left  of  the  "O"  on  AC  &  DC 

scale,  the  .    switch  must  be  turned  to  the  opposite  DC 

position* 


Answers  to  Frame  6: 


1.       T      2.         T  3. 


ERIC 
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Frame  8 


The  OVERLOAD  indicator,  and  the  PUSH  TO  OPEN  AND  RESET  control  are 
both  a  part  of  the  overload  protection  circuit.    A  red  shaft  will  show 
in  the  overload  indicator  when  the  meter  has  been  overloaded.    To  reset 
the  meter  for  normal  use,  just  take  the  meter  leads  out  of  the  circuit, 
and  push  the  "push  to  open  and  reset"  control.    To  prevent  your  meter 
from  overloading  always  set  your  range  switch  to  its  highest  setting 
and  work  your  way  down. 


OVERLOAD 

© 

PUSH 
fro  OPEN 


Complete  the  statements  below  by  filling  in  the  blank  spaces  with 
the  correct  answers. 

1.      If  too  much  voltage  or  current  is  applied  to  the  meter,  the 
  indicator  will  have  a   shaft  appear  in  it. 


2.      After  removing  the  meter  from  a  circuit  due  to  an  overload, 
you  must  push  in  the   button. 


f 


Answers  to  Frame  7:    1.  DC-.      2.  AC,      3.  polarity 
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Frame  9 


11 


Er|c 


Frame  9  (cont'd) 


The  following  exercise  checks  your  knowledge  of  the  meter  control 
names,  locution  and  functions.    Use  the  illustration  of  the  meter  on 
the  preceding  page  to  select  the  letter  that  corresponds  to  the  name 
of  that  control.    Place  the  letter  you  chose  from  the  illustration  in 
the  "Meter  Letter"  column.    Then  match  up  the  function  of  the  controls 
in  the  "Function"  column  with  the  name  of  the  control  in  the  "Name" 
column.    Place  your  letter  choice  in  the  "Function  Letter." 


Nar«e 


Meter 
Letter 


3.  OHMS  Adj. 

4.  Test 
Jacks 


Needle   

(Pointer) 


2.  OHMS 
(Green) 


Functior 
Letter 


(  ) 


(  ) 


Functions 

(a)  scale  used  to  ind:?cate 
voltage  or  current 
readings. 

(b)  aligns  with  the  scale 
to  indicate  value 
measured. 

(c)  hook-up  point  for 
leads. 


5.  Function 
Switch 

6.  Polarity 
Switch 

7.  PRESS  TO 
OPEN  and 
RESET 

8.  AC  &  DC 

9 .  Overload 

10.  Range 
Switch 


(  ) 


() 


(  ) 
1± 


(d)  used  to  break  meter 
input  circuit  and  reset 
overload  protector. 

(e)  used  to  "zero"  the  pointer 
on  OHMS  scale. 

(f)  determines  if  meter  mea.  ires 
OHMS,  VOLTS,  or  AMPS. 

(g)  used  to  select  the  type  of 
current  or  voltage  to  be 
applied  to  the  meter. 

(h)  indicates  values  in  OHMS. 

(i)  determines  maximum  value 

to  be  measured  or  multiplier 
for  ohms. 


(j)    indicates  excessive  power 
Las  been  applied  to  PSM-37. 
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Frame  10 


• 


The  PSM-37  meter  is  built  to  measure  many  OHMS  values.    A  look  at 
the  meter  in  front  of  you  shows  that  there  are  six  (6)  positions  for 
the  ohrameter  function.    They  are  R  X  1,  R  X  10,  R  X  100,  R  X  IK,  R  X  lOK 
and  R  X  lOOK.    To  measure  resistance,  tne  POLARITY  switch  must  be  turned 
to  one  of  the  DC  positions  (usually  DC4-) ;  the  RANGE  switch  must  be  set 
to  one  of  the  six  positions  listed  above  and  the  function  switch  must 
be  set  on  OHMS.    The  OHMS  position  used  in  this  block  will  be  the  STD 
position.     (NOTE:    The  LP  position  is  for  testing  low  power  devices  and 
JLs  used  with  the  R  X  1  position  ot_  the  RANGE  switch. )    To  measure 
resistance  accurately,  the  ohmmeter  must  first  be  "zeroed".    You  zero 
the  meter  by  touching  the  ends  of  the  leads  together  with  the  meter  set 
as  you  were  told  above.    The  meter  needle  should  move  to  the  zero  end 
of  the  ohms  scale.    Note  that  the  OHMS  scale  is  GREEN.    If  the  needle 
does  not  go  all  the  way  to  zero,  or  goes  past,  then  turn  the  OHMS  ADJ 
knob  is  on  7.ero.    Wen  the  test  leads  are  separated  the  needle  should 
go  back  to  the  left  end  of  the  OHMS  scale,  over  the  infinity  (»)  mark. 

Use  your  PSM-37  and  zero  the  ohmmeter  in  the  R  X  10  range  position. 

Note:    The  PSM-37  meter  should  not  need  to  be  rezeroed  on  each 
of  the  RANGE  switch  positions.    Once  zeroed,  the  meter  should 
stay  zeroed  through  all  resistance  range  positions. 

If  your  meter  will  not  zero  on  any  of  the  ranges,  push  the  "Push 
to  Open  and  Reset"  button.     If  your  meter  still  will  not  zero,  ask  your 
instructor  for  help. 

Check  the  true  statement(s) . 

  !•    With  the  function  switch  in  OHMS  STD  and  RANGE  switch  in 

R  X  1,   the  meter  can  be  zeroed  on  OHMS.     (Use  your  meter 
and  test  this  statement.) 

  2.    The  readings  are  taken  from  the  green  scale  of  the  PSM-37 

when  the  function  switch  is  in  the  OHMS  function. 

  3.    The  PSM-37  meter  needs  only  to  be  zeroed  when  you  first 

start  to  use  it  as  an  ohmmeter. 

  ^*    The  zero  mark  for  OHMS  is  on  the  left  side  of  the  OHMS 

scale. 


Answers  to  Frame  9:    1.  C  (b)^     2.  A  3.  D  F  (c) 

5-  E  ill     6.  H  ^     7.  ISdl     8.  B  i[aO      9.  J  ^     10.  G  (i) 

13 


ErIc  549 


Frame  11 

When  you  use  the  PSM->37  to  check  ohms,  set  the  RANGE  switch  to 
a  position  where  the  needle  rests  in  the  wide  green  area  of  the  OHMS 
scale.    Try  not  to  take  the  readings  from  any  other  part  of  the  scale, 
if  it  is  possible.    We  need  to  do  this  because  the  ohmmeter  is  less 
accurate  from  0  to  5  and  60  to  «.    In  example  A,  a  resistor  with  an 
ohmic  value  of  360  ohms  is  being  measured  with  the  range  switch  in 
the  R  X  1  range.    The  meter  needle  is  between  the  300  to  400  marks, 
a  difference  of  100  ohms.    Since  the  operator  is  forced  to  guess  at 
the  reading,  a  large  margin  for  error  can  exist. 

OHMS 


Example  B  shows  the  same  resistance  measured  using  the  R  X  10 
range*    Even  though  the  operator  must  multiply  the  scale  reading  by 
10,  the  reading  is  more  accurate  because  each  mark  in  this  area  of 
the  scale  is  20  ohms  (marks  are  2  points  each  times  10,  equals  20)* 
Then,  the  margin  for  error  is  reduced. 


OHMS 


AnswerF  to  Frame  10:    1*        /     2.        /     3,    4, 
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Frame  11  (Cont'd) 

Example  C  shows  a  360  ohm  resistance  readinji  on  the  R  X  100 
range.    In  this  case  you  must  multiply  the  scale  reading  by  100. 
The  measurement  is  less  accurate  than  B  because  each  mark  is  worth 
50  ohms  (.5  X  100  equals  50).    The  margin  for  error  is  increased. 

OHMS 


30 


20 


60 


10 


\00 


c. 


Study  the  ohmmeter  scales  shown  below.    Find  out  if  the  resistance 
is  being  read  by  the  most  accurate  range.    If  the  right  range  is  used, 
write  "OK"  in  the  blank  next  to  that  scale.    If  the  right  range  is  not 
used,  write  the  range  which  should  be  used. 


1.      480  ohms,  R  X  1  range 


OHMS 


30 


20 


60 


10 


\00 
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Frame  11  (Cont'd) 

2,      25  ohms,  R  X  10  range   

OHMS 


3.      240  ohms,  R  X  10  range   

OHMS 


16 


Frame  11  (Cont'd) 


ERIC 
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Frame  12 


Before  you  take  a  resistance  reading  using  the  multimeter,  you 
should  zero  the  meter  by  touching  the  lead  tips  and  using  the  adjustment 
knob  to  line  up  the  needle  upon  zero.    Remember  that  in  the  ohms  position 
the  meter  creates  its  own  current.    So  what  is  between  the  two  leads  is 
the  only  thing  being  read.    There  are  different  terms  used  when  using 
the  ohms  portion  of  the  multimeter.    A  "0"  reading  means  continuity  or 
no  resistance  in  the  circuit,    A  reading  when  the  needle  moves  and  stops 
short  of  "0"  means  your  reading  resistance.    If  the  needle  doesn't  move 
at  all,  remains  on  infinity  (oo).^  it  means  you  are  reading  an  open  circuit. 

Place  a  "T"  in  the  blank  space  beside  each  true  statement, 

  1*    Continuity  refers  to  the  amount  of  resistance  in  an  open 

circuit, 

  2,    A  resistance  that  is  to  large  to  measure  is  referred  to  as 

infinity, 

  3,    When  the  pointer  is  reading  a  value  other  than  "0",  this 

means  some  resistance  is  present  in  the  component  being 
checked , 

Place  the  correct  response  in  the  space  provided. 

Set  up  your  meter  to  read  500  ohms  of  resistance.    Place  the 
position  of  your  switches  in  the  blanks  below, 

a.  Range   


b.  Function 


c.  Polarity 


Answers  to  Frame  11:    1,  R  X  10      2,  R  X  1      3,  OK      4,  OK 
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Frame  13 


The  ohms  (green)  scale  is  probably  the  most  easy  to  read.  The 
value  of  each  mark  on  the  scale  stays  the  same  for  each  position  of 
the  RANGE  switch.    For  example,  the  numbers  on  the  ohms  scale  will  always 
be  the  same  value;  5,  10,  20,  30,  and  so  on.    The  RANGE  switch  is  what 
determines  what  you  multiply  these  numbers  by  to  get  the  resistance 
reading  of  what  you  are  measuring.    This  will  be  covered  in  the  next 
frame , 


You  should  not  have  any  problem  reading  the  meter  when  the  meter *s 
needle  comes  to  rest  on  one  of  the  larger  numbered  marks.    However,  if  the 
needle  falls  between  the  numbered  marks  use  the  following  steps  to  flad 
the  roading. 


OHMS 


1,  Needle  A  is  resting  between  30  and  50,     Subtract  30  from  50 
you  get  ^0,    (The  difference  between  the  two  numbers  50  and  30,) 

2,  If  counted  there  are  1£  spaces  between  the  30  and  50,  Divide 
the  10  spaces  into  the  difference  (you  got  from  step  one).    This  will 
give  you  2^,    The  2  will  be  the  value  of  each  small  mark, 

3,  Now  start  on  the  30,    Since  you  know  the  value  oT  the  small 
marks  start  adding  up  the  marks  from  the  30  to  get  the  actual  meter 
reading. 

Using  the  figure  above,  complete  the  following  by  filling  in  the 
blank  with  the  correct  response, 

1,  Needle  B  is  indicating   • 

2,  Needle  C  is  indicating   , 


3,      Each  division  mark  between  20  and  30  is  equal  to 


4,      Each  division  mark  between  50  and  100  is  equal  to 

Answers  to  Frame  12:    1,    2,       T  3,   

a,    RxlO    b,    OHMS-STD    c,  DC+ 
19 
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Frame  14 


The  illustration  below  shows  the  ohmmeter  scale  of  the  PSM~37, 
When  measuring  resistance  in  the  R  X  1  range,  it  is  read  just  as  is 
shown  by  the  needle  on  the  Oms  scale.    With  the  RANGE  switch  in  any 
of  the  other  R  X  positions  you  would  multiply  the  resistance  reading 
(R)  times  the  number  at  the  R  X  position. 

Example:     In  the  R  X  10  position  the  needle  stops  at  the  30 
mark  on  the  OHM  scale.    You  would  take  30  times  10,    The  ohmic 
value  you  have  measured  is  300  ohms.    In  the  R  X  100  position  it 
would  be  30  times  100,  which  equals  3000  ohms. 

When  using  the  range  switch  setting  with  a  K  in  it,  for  example, 
R  X  IK,  R  X  lOK,  R  X  lOOK,  the  K  means  Kilo  or  1000,     So  the  multiplier 
is  red  as  shown  below  in  the  different  range  switch  positions. 


RANGE  SWITCH 


VALUE 


R  X  IK 
R  X  lOK 
R  X  lOOK 


R  X  1,000 
R  X  10,000 
R  X  100,000 


What  resistance  Is  indicated  in  each  of  the  ohmmeter  scales  below? 
1,      R  X  10  = 


Answers  to  Frame  13:    1,  14 


2.  6^ 

20 


3.  2     4,  5 
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Frame  14  (Cont'd) 


Frame  lA  (Cont'd) 
4.      R  X  1 


OHMS 


O 


ERIC 
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Frame  15 


In  the  next  few  frames  you  will  be  given  several  resistors  and  a 
multimeter,    IVhile  using  the  ohmmeter  you  will  measure  the  resistance 
level  of  these  various  resistors •    Before  we  go  on,  there  are  seme 
important  safety  factors  to  think  about  when  using  the  ohmmeter* 

1*      The  PSM-37  should  never  be  handled  carelessly;  aside  from  being 
expensive,  it  is  sensitive  and  delicate*    Don't  abuse  it. 

2«      Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on  it, 

3.      Periodically  check  the  strength  of  the  internal  battery. 
Accomplish  this  by  zeroing  the  ohmmeter  on  each  of  the  range  switch 
settings.    If  it  does  not  zero  on  all  settings,  the  battery  needs  to 
be  replaced. 

No  further  response  required,  proceed  to  the  next  frame. 


Answers  to  Frame  14:    1.  150fi 


2.  420.000n 


3.  8,500n 


4.  60fi 
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Frame  16 


You  are  now  ready  to  take  resistance  readings  on  the  'irainer  with 
the  PSM-37,    As  you  complete  each  of  the  following  steps  place  a  check 
by  the  number  of  the  step.    Ask  the  instructor  for  assistance  if  you 
need  it, 

  1.    Place  your  PSM-37  and  this  PT  cn  any  available  power  bench. 


2.  Obtain  a  voltage,  current  and  resistance  readings  trainer 
from  the  storage  cabinet  and  place  it  on  the  power  bench. 

3,  Set  up  your  PSM-37  for  reading  ohms.    The  POLARITY  switch 
should  be  set  at  DC+,  the  FUNCTION  switch  should  be  set  on 
OHMS  STD  and  the  RANGE  switch  should  be  set  on  the  highest 
ohms  setting  and  work  your  way  down  until  your  needle  falls 
into  the  bold  green  area  (5-60)  on  the  ohms  scale, 

A,    Be  sure  your  meter  is  zeroed, 

5,  Place  one  of  your  leads  on  TP-'13  and  the  other  on  TP-U,  The 
polarity  doesn't  make  any  difference  when  reading  the  resistance 
of  a  resistor,     (TP  means  test  point,) 

6,  The  resistance  indicated  on  your  meter  is   ohms. 


NO  FURTHER  RESPONSE  REQUIRED,  PROCEED  TO  THE  NEXT  FRAME, 


Answer  to  Frame  15:    No  Response  Required 
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Frame  17 


In  this  frame  you  will  get  practice  reading  resistance  with  the 
ohms  function  of  the  PSM-37.    Remember  to  set  the  range  switch  to  a 
position  where  the  needle  rests  in  the  wide  green  area  of  the  ohms 
scale  before  taking  your  readings.    Be  sure  to  zero  your  meter  before 
start-ing.    When  you  have  completed  the  following  problems  report  to 
the  instructor. 

For  each  of  the  following  pairs  of  test  points  indicate  on  the 
blank  the  amount  of  resistance  your  meter  is  indicating. 

TP  READING 

3  &  A   

5  &  6   

11  &  12   

17  &  18   

23  &  24   

25  &  26   

29  &  30   

33  &  34   

37  &  38   

Instructor's  Initials 


Answers  to  Frame  16:    6.  90 
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Frame  18 


Now  we  will  discuss  the  measuring  of  voltage  using  the  multimeter* 
Look  at  the  face  of  the  PSM-37  meter  in  front  of  you.    The  AC  &  DC 
scales  are  printed  in  black.    The  FUNCTION  switch  has  three  VOLTS 
positions.    While  in  this  block  we  will  have  you  use  the  IK^/V  position. 
The  only  difference  between  the  three  positions  is  in  circuit  loading 
and  this  is  of  no  importance  to  you  at  this  point.    On  the  lower  right 
side  of  the  meter  face  is  the  RANGE  switch.    This  switch  is  very 
important  since  it  is  used  to  select  the  maximum  value  the  meter  can 
measure  in  volts  and  current.    If  you  select  the  wrong  range,  it  could 
damage  the  meter. 

Look  at  the  AC  &  DC  scale.  You  will  notice  that  there  are  three 
sets  of  numbers.  In  the  space  below,  write  the  range  for  each  set  of 
numbers.    The  first  one  has  been  done  for  you. 

Top  Scale:         Numbers  range  from  J}  to  2.5. 

Middle  Scale:    Numbers  range  from   to  . 


Bottom  Scale:    Numbers  raPf»e  'torn    to 
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Frame  19 


The  number  to  the  far  right  of  each  scale  shows  the  maximum 
deflection  of  the  meter's  needle.    The  values  of  these  numbers  (2,5,  5, 
and  10)  will  depend  on  where  the  range  switch  is  set.    There  are  seven 
ways  to  set  the  range  switch:     .5,  2,5,  10,  50,  250,  500  and  1,000, 
These  numbers  show  the  highest  value  which  can  be  read  with  the  meter 
for  any  of  the  settings  of  the  range  switch.    For  example,  if  the  range 
switch  was  set  at  250,  the  maximum  value  that  could  be  checked  with  the 
meter  would  be  250,    This  value  may  be  in  volts  or  roilliams.    If  more 
than  250  were  applied  to  the  meter,  it  might  be  damaged. 

Fill  in  the  blanks  with  the  correct  number, 

1,      If  the  range  switch  is  set  at  50,  the  maximum  voltage  that 
can  be  measured  would  be 


2,      If  the  range  switch  is  set  at  2,5,  the  maximum  voltage 
that  can  be  measured  would  be 


3.  If  you  wanted  to  measure  a  voltage,  the  value  of  which  would 
be  between  250V  and  500V,  the  RANGE  switch  would  have  to  be  set  at  the 
  position. 


Answers  to  Frame  18:    0  5^ 

0  10 
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Frame  20 


Since  there  are  seven  ways  to  set  the  range  switch  and  only  three 
different  scales,  each  scale  is  used  by  several  range  positions.  The 
2.5  and  250  range  switch  positions  use  the  top  scale  (0~2,5).    The  ,5, 
50,  and  500  ranges  use  the  middle  scale  (0-5).    The  10  and  1000  range 
use  the  bottom  scale  (0-10) •    Do  not  try  to  memorize  these  as  they  are 
easy  to  figure  gut.    Always  take  the  first  number  of  the  range  position 
and  you  pick  the  scale  that  matches  that  position.    For  example,  the  250 
position  would  be  read  on  the  (?.5)  scale  -  notice  they  both  start  with 
the  number  two.    Look  at  the  chart  below  for  further  examples. 


Figure  3x7",  use  negative  of  figure  on  page  28, 
ST  C3ABRA2331~PT-112,  19  Nov  82,  RSN  83-69232 


Place  either  0-2.5  or  0-5,  or  0-10  in  the  spaces  provided  to 
indicate  the  scale  that  would  be  used  for  each  of  the  range  switch 
settings.    The  first  one  has  already  been  done  for  you. 

Range  Switch  Set  at  Scale  Used 

.5  a.   0:^5  

2.5  b.   

10  c.  

50  d.  

250  e.  

500  f-   

1000  g.   


Answers  to  Frame  19:    1.  50V      2.  2.5V      3.  500V 
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Frame  21 


In  the  last  frame  you  learned  how  to  choose  the  right  scale  for 
each  range  position.    With  the  RANGE  switch  set  on  50,  the  readings  are 
read  from  the  0-5  scale.    Since  the  meter  can  now  only  read  a  maximum 
of  50,  the  number  5  will  mean  50.    The  4  will  mean  40,  the  3  will  mean 
30,  and  so  on.    Notice  t.ha^  the  changing  of  5  to  50  resulted  in  the 
ma^cimum  number  on  the  scale  matching  the  RANGE*  switch  position,  and  the 
other  numbers  change  b^  the  same  amount  (multiplied  by  10) .    The  way  to 
determine  the  value  of  the  maximum  number  on  the  scale  is:     it  must  be 
changed  to  equal  the  range  switch  position.    Example:    The  range  position 
of  250  uses  the  0-2.5  scale.    The  2.5  will  now  mean  250,  the  2  will  mean 
200,  the  1.5  will  meBii  150)  8nd  so  on« 

For  all  the  exercises  below,  the  POLARITY  switch  is  set  on  "DC+," 
the  FUNCTION  switch  is  set  on  IK^/V  VOLTS.    What  is  the  voltage  indicated 
on  each  of  the  following  scales  for  each  of  the  RANGE  switch  positions? 
The  first  one  is  completed  for  you. 

i.      Use  figure  A. 

a.  50  range  40V  DC  c.      500  range  

b.  1000  range   d.      .5  range  


Figure  A. 


Answers  to  Frame  20:  b.  0-2.5  c  0-10  d.  0;;^  e.  0-2.5 
f-  0^5      g-  0-10 
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Frame  21  (Cont'd) 
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30 
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Frame  22 


The  maximum  value  of  each  scale  is  determined  by  the  position  of 
the  RANGE  switch.    With  the  RA^. 'E  switch  at  the  10  range,  the  0-10 
scale  is  read  as  is,  Max  10.    The  difficulty  in  reading  the  scale 
comes  when  the  needle  stops  on  one  of  the  small  marks  between  the 
numbers •    To  find  the  value  of  each  mark  on  the  scale,  divide  the 
RANGE  switch  position  by  50.    Example:    RANGE  switch  in  10  range, 
divide  10  by  50  to  get  •2,     Each  marking  on  the  0-10  scale  is  worth 
•2  points  a  piece.    See  figure  A  below.    When  you  start  at  zero,  you 
would  count  the  marks,  0,  .2,  .4,  ,6,  .8,  l--------  9,2,  9.4, 

9.6,  9r8,  10.    You  use  the  same  procedure  to  find  the  value  of  the 
small  mark  for  each  of  the  RANGE  switch  positions.    The  reason  we  use 
50  as  the  denominator  is  there  are  50  marks  along  the  AC  &  DC  scale. 
Since  the  scale  is  evenly  spaced  and  marked,  you  can  use  the  50  as^ 
the  denominator  on  all  range  positions  and  scales. 


Figure  A. 


Answers  vo  Frame  21:  I.  b.  800V  DC  c.  400V  TC  d.  .4V  DC 
2.  a.  IV  DC      b.  4V  DC      c.  lOOV  DC      d.  . IV  DC 
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Frame  22  (Cont'd) 

Fill  in  the  blanks  with  the  appropriate  response  for  the  scale 
used  and  the  value  of  each  black  mark  on  the  scale.    The  first  one 
is  accomplished  for  you. 

Ran^e  Switch  Set  At  Scale  Used  Value  of  Each  Mark 

 ^.01 


.5 

0-5 

2.5 

a. 

b. 

10 

c. 

d. 

50 

e. 

f . 

250 

g- 

h. 

500 

i. 

j- 

1000 

k. 

1. 

ERIC 
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Frame  23 


The  following  exercise  is  to  insure  your  ability  to  interpret 
meter  indications  in  various  RANGE  switch  positions,  plus  check  your 
meter  ability  to  determine  the  value  of  each  mark  on  the  meter  scales. 
Fill  in  the  correct  answer  in  the  appropriate  space  for  each  of  the 
following  items •    Number  one  is  completed  for  you. 


AG  a  D.C. 


Range  Switch  Set  At 


Value  Indicated 


1. 

.5 

2. 

2.5 

3. 

10 

4. 

50 

5. 

250 

6. 

500 

7. 

1000 

,37 


Answers  to  Frame  22:    a.  0-2.5     b.  j05_     c.  0-10     d.  e.  0^5 

f.  1^     g.  0-2.5     h.  5^     i.  0^5^     j  •  10     k.  0-10      1.  20 
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Frame  24 


When  you  want  to  read  DC  voltage  it  is  important  to  have  the  meter 
set  up  right.    The  FUNCTION  switch  set  to  VOLTS  (in  school,  IKQ/V 
position);  the  POLARITY  switch  set  to  the  polarity  of  the  voltage  applied 
CO  the  RED  test  lead;  (Note:    In  most  cases,  this  will  be  positive  and 
the  polarity  switch  will  be  set  at  "DC+"0  the  RANGE  switch  will  be  set 
to  the  value  of  the  voltage  to  be  read.    For  example,  if  the  voltage  to 
be  read  is  8  volts  DC,  the  RANGE  switch  would  be  set  at  10-    It  is 
important  to  keep  in  mind  the  range  switch  sets  the  maximum  value  the 
meter  can  read;  so,  set  the  RANGE  switch  above  the  value  to  be  read. 
When  you  want  to  read  an  unknown  voltage,  start  with  the  range  switch 
at  the  highe_s_t  value.    Then,  turn  the  RANGE  switch  to  a  lower  setting 
until  the  meter  shows  a  Viiltage  value.    This  procedure  is  a  good  prartice 
to  follow,  regardless  of  what  you  are  measuring. 

Fill  in  the  blanks  with  the  correct  switch  position.    For  practice, 
set  your  meter  up  to  measure  the  voltage  i\;  problem  number  one. 

1.  If  you  knew  that  you  were  going  to  measure  approximately 

120  volts  DC,  the  RANGE  switch  would  be  set  at  ,t  the 

POLARITY  switch  set  at  DC+  and  the  FUNCTION  switch  set  at  . 

2.  If  you  didn't  know  the  approximate  value  of  the  voltage  that 
you  were  measuring,  you  would  use  the  __  range  first. 

3.  \  negative  voltage  polarity  is  applied  to  the  RED  test  lead, 
the  POLARITY  switch  would  be  set  at   • 


Ant^vers  to  Frame  23:     2.  1.85      3-  2iA     ^-  il     5*  ^ 

7.  7A0 
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Frame  25 


When  you  use  a  voltmeter,  you  have  to  be  sure  the  readings  are 
as  true  as  you  can  get  them.    Always  choose  the  RANGE  switch  position 
which  will  cause  the  meter  needle  to  move  as  far  to  the  right  as  it 
can  without  going  past  the  maximum  value.    For  example,  you  could  read 
2  volts  DC  on  the  PSM-37  in  front  of  you  by  setting  the  RANGE  switch 
on  10  and  read  the  voltage  value  off  the  bottom  scale  (0-10)  •    But,  it 
would  be  better  if  you  set  the  RANGE  switch  to  2,5  and  read  the  voltage 
un  the  top  scale  (0-2,5) •    By  doing  this,  you  can  get  more  needle 
deflection  than  if  you  had  set  the  RANGE  switch  on  10,    Thus  making 
your  reading  more  accurate. 

Fill  in  the  blanks  with  the  correct  positions. 


measure  approximately  300V,  you  would  liave  to  set  the  ranv>e  switch 


1. 


Look  at  the  meter  in  fronu  of  you.    If  you  were  going  to 


at 


to  get  the  most  accurate  reading. 


2, 


If  you  wanted  to  accurately  measure  30V,  you  would  have  to 


set  the  range  switch  at 


Answres  to  Frame  24:     1,     250,  VOLTS  (IKQ/V)    2,    1000  (highest) 

3,  DC=   
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Frame  26 


1.      Fill  in  the  correct  answers  in  the  appropriate  spaces  for 
the  meter  scale  shown  below.    Hie  FUNCTION  switch  set  at  VOLTS  (IK^/v). 
and  POLARITY  switch  set  at 


rri  1 1 1 1  r 


Range  Switch  Setting 


Indication 


a. 

.5 

b. 

2.5 

c. 

10 

d. 

50 

e. 

250 

f. 

500 

g. 

1000 

2. 

For 

the  range  that  should  be  used  to  obtain  the  most  accurate  readings. 
Voltage  Range  Switch  Setting 

a.  .15 


b. 
c. 
d. 
e. 


1.5 
15 

150 
750 


When  reading  AC  voltages,  it  is  done  in  the  same  way  as  explained 
for  DC.     The  only  change  is  that  you  put  the  polarity  switch  to  AC. 


Answers  to  Frame  25:    1.  500     2.  50 
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Frame  27 


using  the  multimeter  to  read  current,  you  use  the  same  scales 
as  you  used  to  read  volts*    To  measure  DC  m.illiamperes  (MA)  set  the 
POLARITY  switch  to  the  ''J)CV\  set  the  FUNCTION  switch  to  "MA/PULSE  MA", 
and  set  the  RANGE  switch  to  the  value  that  you  wish  to  measure* 

The  PSM~37  can  read  up  to  1000  MA  which  is  uhe  same  as  one  ampere. 
To  change  MA  to  amps,  move  the  decimal  point  three  places  to  the  left. 
Example:     1000  MA  is  1  am,     200  MA  is  .2  amp.    To  change  amps  to  MA, 
move  the  decimal  point  three  places  to  the  right;  1  amp  is  1000  MA, 
and  .5  amp  is  500  MA. 

Note:  The  POLARITY  switch  position  is  determined  by  the  polarity 
of  the  current  applied  to  the  RED  test  lead.  Fill  in  the  correct 
answer  in  the  appropriate  space  for  the  following  items. 


rrrtnjTTn 


1 


2 
4 


1.      FUNCTION  switch  set  at  AMPS,  MA  position. 


a. 

RANGE 

switch 
MA  or 

set 

at  1,000. 
amps. 

Current  indication  is 

b. 

RANGE 

switch 
MA  or 

set 

at  500. 
amps. 

Current  indication  is 

c* 

RANGE 

switch 
MA  ^r 

set 

at  250. 
amps. 

Current  indication  is 

d. 

RANGE 

switch 
MA  or 

set 

at  10.    Current  indication  is 
amps. 

Answers  to  Frame  26: 

l.a. 

.32 

b.  1^ 

c.  6u4     d.  32      e.  160 

f . 

320 

g.  640 

2.a. 

.5 

b.  2.5 

c.  50     d.  250      e.  1000 

ERIC 
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Frame  27  (Cont'd) 

2.      Set  your  meter  up  to  measure  22  MA  DC. 
a.      The  RANGE  switch  setting  is  ___ 


b.  The  POLARITY  switch  setting  is 

c.  The  FUNCTION  switch  setting  is 
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Frame  28 


When  you  use  the  PSM-37  as  an  ammeter,  and  you  are  checking  an 
unknown  value,  you  will  start  on  the  highest  range  (1000)  of  the  RANGE 
switch  and  work  the  switch  down  to  the  most  accurate  range.    You  should  note 
that  the  most  accurate  reading  on  the  AC  &  DC  scale  will  be  made  when  the 
needle  moves  as  far  right  on  the  scale  as  it  can,  and  still  not  go  past  the 
end  of  the  scale.    Just  as  is  done  when  reading  voltage. 

Fill  in  the  blanks  below  with  the  most  accurate  rang3  switch 

position  for  each  of  the  readings  given.    You  may  refer  to  your 

PSM-37  for  a  list  of  the  ranges. 

READINGS  RANGE  READINGS  RANGE 

1-      AO  MA  A.      225  MA 


2.  400  MA    5.      11  MA 

3.  4  MA  6.      600  HA 


Answers  to  Frame  27:    1.    a.    440  MA,     .44a       b.    220  MA,  .22a 
c.    110  MA,     .11a       d.    4.4  MA,     .0044a       2.    a.    50    b.  DC+ 
c.     AMPS  MA 
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Frame  29 


You  have  learned  that  the  word  direct  means  to  go  one  way  and 
current  means  the  flow  of  electrons.    Join  the  two  words  and  you  have 
direct  current  (DC).    They  mean  a  current  that  flows  in  one  direction 
all  the  time.    The  flow  will  be  from  negative  (-)  to  positive  ^+7.  Any 
time  current  flows  in  a  circuit,  voltage  will  be  used  up  (dropped)  by 
the  circuit's  loads.    The  polarity  of  this  voltage  drop  can  be  found  by  the 
way  that  current  flows  through  the  component.    In  the  circuit  below,  note 
that  current  is  leaving  the  negative  post  of  the  battery,  flowing  through 
the  circuit  and  returning  to  the  positive  post*    As  the  current  goes  in. 
a  resistor,  it  will  cause  that  end  of  the  resistor  to  have  a  negative 
polarity.    When  it  leaves  a  resistor  it  leaves  that  end  with  a  positive 
polarity.    This  is  true  in  all  DC  circuits. 

Note;    If  the  power  source  is  not  a  battery,  the  negative  side 
is  sometimes  narked        or  is  black;  the  positive  side  is 
marked         or  painted  red. 


E3stOV 

— VA  


L 


DIRECTION  OF 
CURRENT  FLOW 


J- 


E[»ev 


Place  the  right  polarity  to  the  components  of  the  two  circuits 
below.    Also,  point  out  with  an  arrow,  the  direction  of  current  flow 
in  the  circuit. 


I 

t 


LI 


Rt 


R2 


CIRCUITA 


CIRCUIT  B 


Answers  to  Frame  28:    1.    50     2.    500      3.    10     A.     250      5.  50 

6.  1000 
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Frame  30 


When  you  test  for  voltage  on  a  DC  circuit  you  must  watch  the  polarity 
of  the  voltage  drop  before  you  place  the  test  leads  in  the  circuit.  Once 
you  know  the  polarity,  place  the  black  lead  of  the  voltmeter  to  negative 
and  the  red  lead  to  positive.    The  meter  must  be  connected  across  (in 
parallel  with)  the  component  being  measured,  as  shown  in  the  diagram 
below.     If  you  place  the  meter  or  leads  in  some  other  manner,  you  will 
have  a  wrong  reading.    Plus,  it  could  damage  the  meter. 

Note:    Another  thing  that  is  important  before  you  test  for  DC 
voltage,  is  that  you  should  have  your  PSM-37  set  up  for  the 
polarity  value  and  the  type  of  voltage  that  you  will  test, 

E3»I0V 


E=24VDC 


In  this  manner,  the  voltmeter  is  connected  in  parallel. 

Select  the  correct  word  and  place  it  in  the  blank  space  to 
complete  statements  one,  two,  and  three.    For  item  four,  fill  in 
the  blanks  with  the  correct  position  of  the  switches, 

1,      When  using  the  PSM-37  as  a  voltmeter,  you  would  connect 

the  meter  in   (series/parallel)  with  the  voltage  to  be 

measured , 


Answers  to  Frame  29: 


Figure  1  1/2  x  5  1/2",  use  negative  of  figure  on  page  41, 
ST  C3ABRA2331-PT-112,  19  Nov  82,  RSN  83-69232 
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Frame  30  (ContM) 

2.      If  the  meter  is  connected  in  series  when  making  voltage 
checks,  the  readings  will  be  (accurate/inaccurate)  • 

3*      To  measure  the  voltage  E3  in  the  circuit  above,  the  red 

lead  will  be  placed  on  the    (right/left)  of  the  resistor  and 

the  black  lead  on  the  ^  (other/same)  end  of  the  resistor, 

4,      Set  your  PSM~37  to  measure  the  voltage  El  in  the  circuit 

above.    The  range  switch  position  is   ,  the  polarity  switch 

position  is  ,  and  the  function  switch  is  set  at   
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To  measure  amperage,  you  must  connect  the  meter  to  the  circuit  in 
such  a  way  that  it  becomes  a  part  of  the  circuit,  or  in  series.    When  you 
connect  it  ±n  series  the  same  current  that  flows  through  the  circuit  will 
flow  through  the  PSM-37,    Do  not  place  an  ammeter  in  parallel  to  measure 
current .    If  you  do,  the  meter  can  be  damaged  or  the  reading  you  take 
will  be  inaccurate  and  low.    The  circuit  below  shows  you  an  ammeter  that 
is  properly  placed  in  a  PC  circuit.    The  polarity  of  the  circuit  must  be 
observed  when  hooking  up  for  current  (read  lead  +,  black  lead  -)  • 


R3 


7^  -ea  ^  1 


AMMETER         ^  R2 


J 


R) 


Identify  the  true  statement (s)  by  placing  a  T  on  the  blank  spaces 
provided . 

  1.    The  ammeter  must  be  connected  In  series  with  the  circuit 

component  being  checked. 

  2.    To  accurately  measure  current,  the  same  current  must  flow 

through  both  the  meter  and  the  circuit  component  being  checked. 

  3.     If  the  PSM-37  is  connected  in  parallel  to  measure  current,  the 

readings  would  be  inaccurate  and  low. 


ERIC 


Answers  to  Frame  30:    1.  parallel      2.  inaccurate      3.  left,  other 

4.  10,  DC+,  VOLTS  -  IKQ/V 
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When  you  use  the  PSM-37  to  measure  the  volts  or  amps  in  an  AC 
circuit  it  is  the  same  way  as  for  DC  circuits •    The  one  difference  is 
you  do  not  need  to  observe  polarity  since  AC  means  alternating  current; 
a  current  that  will  first  flow  in  one  direction  and  then  it  will  flow 
in  the  opposite  direction. 

To  use  the  PSM-37  as  an  AC  voltmeter,  you  must  set  the  controls 
up  properly;  plus,  you  must  place  the  meter  in  parallel  with  the 
voltage  that  you  will  test.    For  AC  current  measurements  you  muse  set 
the  controls  up  properly,  and  you  will  connect  the  meter  in  series 
with  the  circuit. 


Meter  in  PARALLEL  TO  Meter  in  SERIES  to  measure 

measure  AC  voltage  drop  AC  current  flow 

Place  a  checkmark  (/)  beside  the  true  statement(s) • 

1.    You  must  observe  polarity  when  measuring  volts  or  amps 
in  an  AC  circuit, 

^2,    An  ammeter  is  connected  in  series  to  measure  voltage  in 
an  AC  circuit. 


Answers  to  Frame  31:    1,  T      2.  T      3,  T 
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Frame  33 


Before  we  begin  to  take  some  voltage  and  current  readings  using  the 
multimeter,  lets  observe  some  safety  precautions, 

1.  When  measuring  unknown  voltages  and  currents,  start  your  check 
with  the  RANGE  switch  set  on  "1000" •  Then  turn  it  to  a  lower  setting  if 
necessary.  Ihen  return  it  to  the  "1000"  range.  This  way  the  meter  will 
be  ready  for  the  next  check. 

2.  When  used  as  a  voltmeter,  connect  it  in  "parallel"  with  the 
voltage  drop  being  checked. 

3.  When  measuring  DC  voltage  and  DC  current,  be  sure  to  observe 
polarity  when  connecting  the  meter  to  the  circuit.    Note  if  the  meter 
needle  moves  left  on  the  scale,  either  reverse  meter  nears  on  the  circuit 
or  turn  the  polarity  switch  to  the  other  DC  position. 

NO  RESPONSE  REQUIRED,  go  on  to  the  next  frame. 


Answers  to  Frame  32:  1. 
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In  this  frame  you  will  use  the  PSM-37  to  take  actual  readings. 
As  you  complete  each  of  the  following  steps  place  a  check  on  the 
blank  by  the  number  of  the  step. 

  1.     Place  your  PSM-37  and  this  PT  on  any  available  power  bench. 


_  2.     Obtain  a  voltage,  current,  and  resistance  readings  test  board 
from  the  storage  cabinet  and  place  it  on  your  power  bench. 

_  3.    Be  sure  that  the  three  circuit  switches  on  the  voltage,  current 
and  resistance  readings  test  board  are  in  the  "OFF"  position. 

-  ^'    uLlu''^  ^^^^         ^^'^^^  switches  on  the  power  bench  are  in  the 
OFF  position. 

_  5.     Place  the  power  bench's  DC  RANGE  SWITCH  to  the  24V  position. 

_  6.    Connect  one  end  of  the  DC  power  cord  to  the  voltage,  current. 

and  resistance  readings  test  board  and  the  other  end  to  one  of 
the  DC  outlets  on  the  power  bench.    The  DC  power  cord  is  kept  in 
the  drawer.    Also  connect  the  AC  power  cord  the  same  manner. 

_  7.    Be  sure  that  the  AC  and  DC  both  rotary  switches  mounted  on  the 

back  of  the  voltage,  current,  and  resistance  readings  test  board 
are  in  the  number  1  position. 

_  8.    Place  your  PSM-37  on  the  top  of  the  power  bench. 

_  9.    Place  your  meter  leads  in  the  test  jacks  of  your  meter. 

_10.    Place  the  black  lead  of  your  PSM-37  into  the  GROUND  jack  (at 
center)  of  tne  voltage,  current,  and  resistance  readings  test 
board .  ° 

_11.    Set  the  polarity  switch  of  your  PSM-37  to  DC+. 

_12.    Set  the  FUNCTION  switch  of  your  PSM-37  to  the  V-IK^^/V  posit,  on. 

.13.    Since  you  set  the  DC  RANGE  SWITCH  on  the  power  bench  to  24V, 
you  will  not  have  a  reading  higher  than  24V.    Thus,  you  can 
safely  start  on  the  50V  range  of  your  PSM-37.     Set  the  RANGE 
switch  of  your  PSM-37  to  the  50  position. 


Answer  to  Frame  33:    No  Response  Required 
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FraiDo  34  (ContM) 


15. 
16. 

17. 

18. 

19. 

20. 


Push  in  the  power  bench's  TRAINER  POWER  PANEL  SWITCH  and  28V  DC 
POWER  PANEL  SWITCH  circuit  breakers. 

Place  both  the  TRAINER  POWER  SWITCH  and  the  28V  DC  POWER  PANEL 
SWITCH  on  the  power  bench  to  the  ON  position. 

Place  the  DC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 
resistance  readings  test  board  the  "ON"  position.    This  is 
circuit  #1. 

Touch  the  probe  of  the  positive  lead  to  test  point  A  (TP~A)  in 
circuit  1.    Be  sure  that  your  fingers  do  not  touch  the  metal 
probes  when  taking  readings. 

You  should  notice  a  very  smaJl  deflection  on  your  meter.  Since 
your  meter  is  reading  less  than  lOV  you  can  safely  set  the  RANGE 
switch  of  your  PSM-37  to  the  10  position.    Set  the  RANGE  switch 
of  your  PSM-37  to  the  10  position. 

Your  PSM-37  should  be  indicating  approximately  IV.    Since  this 
reading  is  less  than  2.5V,  you  should  use  the  2.5  range  to  get 
the  most  accurate  reading.    Set  the  RANGE  switch  of  your 
PSM-37  to  the  2.5  position. 

What  is  the  PSM-37  reading  now?    It  should  read 

approximately  1.15. 
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Frame  35 

Take  DC  voltage  readings  at  the  following  test  points  of  circuit  #1. 
Have  the  instructor  check  your  answers  when  you  have  finished. 

DC  Voltage  Check 

A.  F.  

 G.   

C.   H. 


D-  I. 

E.    J. 


Instructor's  Initials 


When  you  have  completed  your  DC  voltage  power  check,  turn  off  the  DC 
voltage  switch  on  your  test  board.    Turn  off  the  power  bench's  trainer 
power  panel  switch  and  the  28V  DC  power  switch. 
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Frame  36 


Now  you  are  ready  to  take  AC  voltage  readings.    As  you  complete 
each  of  the  following  steps  place  a  check  on  the  blank  by  the  number 
of  the  step.    Note  the  only  difference  in  reading  AC  from  DC  voltage, 
is  that  the  meter polarity  switch  is  placed  in  the  AC  position, 

  1.    Turn  the  RANGE  switch  of  your  PSM-37  to  the  1000  position, 

  2,    Turn  the  POLARITY  switch  of  your  PSM-37  to  the  AC  position, 

  3,    Push  in  TRAINER  POWER  PANEL  SWITCH  and  295V  AC  50  Hz  POWER 

PANEL  SWITCH  circuit  breakers, 

  A,    Place  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  295V  AC 

60  Hz  POWER  PANEL  SWITCH  to  the  "ON"  position, 

  5.    Place  the  AC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  test  board  (circuit  #2)  to  the  "ON" 
position. 
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Frame  37 

Take  AC  voltage  readings  at  the  following  test  points  of  circuit  if2. 
Be  sure  to  work  down  to  the  most  accurate  range.    Have  the  instructor 
check  your  answers  when  you  have  finished. 

AC  VOLTAGE  CHECK 

A.  F. 


B.  G. 


C.  H. 


D.  1. 


E.    J. 


Instructor's  Initials 


When  you  have  completed  your  AC  voltage  power  check,  turn  off  the 
AC  voltage  switch  on  your  test  board.    Turn  off  the  power  bench's  power 
panel  switch  and  295V  AC  60  Hz  power  panel  switch. 
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Frame  38 

In  this  frame  you  will  prepare  your  meter  to  read  current. 

Turn  the  range  switch  of  your  PSM~37  to  the  1000  position • 

2.      Turn  the  polarity  switch  of  your  PSM~37  to  the  DC+  position. 

_3,      Turn  the  function  switch  to  the  amps/pulse  MA  position. 

_A-      Push  in  the  TRAINER  POWER  PANEL  SWITCH  and  28V  DC  POWER  PANEL 
SWITCH  circuit  breakers. 

_5.      Turn  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  28V  DC  POWER 
PANEL  SWITCH  on  the  power  bench  to  the  "ON"  position. 

^6.      Place  the  DC  miliiamps  switch  on  the  test  board  to  the  "ON" 
position. 
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Frame  39 


Take  DC  current  readings  at  the  following  test  points  of  circuit  j?3. 
Be  sure  to  start  on  the  1000  range  and  work  down  to  the  roost  accurate 
range  for  each  test  point.    Have  the  Instructor  check  your  answers  when 
you  have  finished, 

DC  Current  Check 


A,  ma  F,  ma 

B,   ma  G.    ma 

C,   ma  H.   ma 

D,   ma  I.   ma 

E,  ma  J*  ma 


Instructor's  Initials 


When  you  have  completed  your  DC  current  check,  turn  off  the  DC 
rallliaraps  switch  on  the  test  board.    Turn  off  the  power  bench's  power 
panel  switch  and  28VDC  power  switch,    insure  you  pull  out  all  circuit 
breakers . 
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Frame  40 


As  you  complete  each  of  the  following  steps  place  a  check  on  the 
blank  by  the  number  of  the  step, 

 1,      DISCONNECT  the  DC  power  cord  and  the  AC  power  cord,  and  put 

them  in  the  power  bench's  drawer • 

 2,      Turn  the  POLARITY  switch  on  your  PSM-37  to  the  "OFF"  position- 
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Frame  41 


Now  that  you've  successfully  passed  your  practice  problems  you 
will  be  given  several  problems  for  review.  On  voltage,  current  and 
resistance  readings. 

This  frame  gives  values  that  are  to  be  measured.    You  will  provide 
the  positions  of  the  POLARITY,  FUNCTION,  and  RANGE  switches,  plus  the 
scale  and  the  group  of  digits  that  will  be  used  to  make  the  proper 
reading.    Record  this  information  on  the  blank  spaces.    You  may  use 
your  meter  as  a  reference. 


TO  MEASURE 

1.  230  Volts  AC 

2.  1500  ohms 

3.  225  Volts  DC 

4.  22  MA  DC 

5.  290  Volts  AC 

6.  .A3  Volts  DC 

7.  27,000  ohms 

8.  17  ohms 

9.  980  MA  AC 

10.  1.9  Volts  AC 

11.  9  MA  DC 

12.  6  ohms 


FUNCTION 
VOLTS 


RANGE 
250 


POLARITY  SCALE/GROUP 


AC 


AC  &  DC 


0-2.5 
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Frame  A 2 


Meter  //2. 
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Frame  A2  (ContM) 


Fill  In  the  blanks  with  the  proper  meter  readings-    Be  sure  to  use 
the  meter  referred  to  on  the  previous  page  for  each  of  the  control  settings- 
PLUS,  indicate  in  your  answer  if  the  value  is  V  DC,  V  AC,  MA  DC,  MA  AC,  or 

PROPER 
READING 


METER 
NUMBER 

FUNCTION  Sw 
SETTING 

RANGE  Sw 
SETTING 

POLARITY  Sw 
SETTING 

1. 

1 

VOLTS 

50 

DC+ 

2. 

2 

VOLTS 

250 

AC 

3. 

2 

OHMS-STD 

R  X  100 

DC+ 

A. 

1 

VOLTS 

10 

AC 

5. 

2 

VOLTS 

.5 

AC 

6. 

1 

OHMS-STD 

R  X  IK 

DC+ 

7. 

1 

AMPS-MA 

50 

AC 

8. 

2 

VOLTS 

2.5 

AC 

9. 

1 

OHMS-LP 

R  X  1 

DC+ 

10. 

2 

AMPS-MA 

10 

AC 

11. 

2 

OHMS-STD 

R  X  10 

DC+ 

12. 

1 

AMPS-MA 

250 

DC+ 

23V  DC 


Answers  to  Frame  Al: 


1. 

VOLTS 

250 

2. 

OHMS-STD 

R  X  100 

3. 

VOLTS 

250 

4. 

AMPS-MA 

50 

5. 

VOLTS 

500 

6. 

VOLTS 

.5 

7. 

OHMS-STD 

R  X  IK 

8. 

OHMS-LP 

R  X  1 

9. 

AMPS-MA 

1000 

10. 

VOLTS 

2.5 

11. 

AMPS-MA 

10 

12. 

OHMS-LP 

R  X  1 

AC  AC  &  DC/0-2.5 

DC+  OHMS/0-<» 

DC+  AC  &  DC/0-2.5 

DC+  AC  &  DC/0-5 

AC  AC  &  DC/0-5 

DC+  AC  &  DC/0-5 

DC+  OHMS/0-* 

DC+  OHMS/0-~ 

AC  AC  &  DC/0-10 

AC  AC  &  DC/0-2.5 

DC+  AC  &  DC/0-10 

DC+  OHMS/0-» 
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Answers  to  Frame  42: 


1. 

23V  DC 

7. 

23  MA  AC 

2. 

190V  AC 

8. 

1.9V  AC 

3. 

650  n 

9. 

24  Q 

4. 

4.6V  AC 

10. 

7.6  MA  AC 

5. 

.38  AC 

11. 

65  Q 

6. 

24,000  Q 

12. 

115  MA  DC 

If 

you  have  made  any 

errors  in  the 

last  two 

frame(s)  of  this  PT  where  this  information  was  covered.  If  you  still 
have  difficulty,  ask  your  instructor  for  assistance. 

If  you  have  successfully  completed  this  PT,  report  to  your 
instructor  and  he  will  assign  you  your  progress  check. 


• 
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Environmental  Pneudraulics  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-WB-112 
1  February  1984 


USING  A  MULTIMETER 

OBJECTIVES 

Before  you  actually  practice  using  a  multimeter,  you  need  to  review 
some  important  facts  pertaining  to  multimeters. 

1.  The  PSM-37  should  never  be  handled  carelessly;  aside  from  being 
expensive,  it  is  sensitive  and  delicate.    Don't  abuse  it. 

2.  Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on  it, 

t      ^^y^o'^^'^ally  check  the  strength  of  the  internal  battery.  Accomplish 
this  by  zeroing  the  ohmmeter  on  each  of  the  range  switch  settings.    If  it 
does  not  zero  on  all  settings,  the  battery  needs  to  be  replaced. 

Exercise  1 

T>cM_  ""^  ^°  ^^^^  resistance  readings  on  the  trainer  with  the 

PS^^■37.    As  you  complete  each  of  the  following  steps,  place  a  check  by  the 
number  of  the  step.    Have  your  instructor  help  you  with  steps  1  and  2.  Ask 
for  help  at  any  time  in  this  workbook. 

 ^1.      Place  your  PSM-37  on  your  assigned  power  bench. 


_2.      Obtain  a  voltage,  current  and  resistance  readings  trainer  from 
the  storage  cabinet  and  place  it  on  the  power  bench. 

_3.      Set  up  your  PSM-37  for  reading  ohms.    The  POLARITY  switch  should 
be  set  at  DC+,  the  FUNCTION  switch  should  be  set  on  OHMS  STD  and 
the -RANGE  switch  should  be  set  on  the  highest  ohms  setting  and 
work  your  way  down  until  your  needle  falls  into  the  bold  green 
area  (5-60)  on  the  ohms  scale. 

_4.      Be  sure  your  meter  is  zeroed. 


_5.      Place  one  of  your  leads  on  TP-13  and  the  other  on  TP-14.  The 

polarity  doesn't  make  any  difference  when  reading  the  resistance 
of  a  resistor.     (TP  means  test  point.) 

_6.      The  resistance  indicated  on  your  meter  is    ohms. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  150;  DAV  -  1 

Designed  for  ATC  Course  Ise.    Do  Not  Use  on  the  .Toh. 
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Exercise  1  (Continued) 


While  completing  this  exercise,  you  will  get  practice  reading  resistance 
with  the  ohms  function  of  the  PSM-37.    Remember  to  set  the  range  switch  to  a 
position  where  the  needle  rests  in  the  wide  green  area  of  the  ohms  scale 
before  taking  your  readings.    Be  sure  to  zero  your  meter  |t)efore  starting. 
When  you  have  completed  the  following  problems  report  to  the  instructor. 

For  each  of  the  following  pairs  of  tent  points,  indicate  on  the  blank 
the  amount  of  resistance  your  meter  is  indicating. 

TP  READING 
3  &  4 


5  &  6 


11  &  12 


17  &  18 


23  &  24 


25  &  26 


29  &  30 


33  &  34 


37  &  38 


STOP I    Do  not  proceed  past  this  point I    See  your  instructor  at  this  time. 

Exercise  2 

Before  we  begin  to  take  some  voltage  and  current  readings  using  the 
multimeter,  let*s  observe  some  safety  precautions. 

1.  When  measuring  unknown  voltages  and  currents,  start  your  check 
with  the  RANGE  switch  set  on  "1000."  Then  turn  it  to  a  lower  setting  if 
necessary.  Then  return  it  to  the  "1000"  range.  This  way  the  meter  will 
be  ready  for  the  next  check. 

1.      When  used  as  a  voltmeter,  connect  it  in  "parallel"  with  the 
voltage  drop  being  checked. 

3.     When  measuring  DC  voltage  and  DC  durrent,  be  sure  to  observe 
polarity  when  connecting  the  meter  to  the!  circuit.    Note  if  the  meter 
needle  moves  left  on  the  scale,  either  reverse  meter  nearest  on  the  circuit 
or  turn  the  polarity  switch  to  the  other  DC  position. 
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Exercise  2  (Continued) 


As  you  complete  this  exercise,  you  will  use  the  PSM-37  to  take  actual 
readings.    As  you  complete  each  of  the  following  steps,  place  a  check  on 
the  blank  by  the  number  of  the  step. 

  1-    Place  your  PSM-37  and  this  PT  on  any  available  power  bench, 

  2.    Obtain  a  voltage,  current,  and  resistance  readings  test  board 

from  the  storage  cabinet  and  place  it  on  your  power  bench. 

  3.    Be  sure  that  the  three  circUit  switches  on  the  voltage,  current, 

and  resistance  readings  test  board  are  in  the  "OFF"  position. 

  ^»    Be  sure  that  the  three  switches  on  the  power  bench  are  in  the 

"OFF"  position. 

  5.    Place  the  power  bench's  DC  RANGE  SWITCH  to  the  2AV  position. 

  6.    Connect  one  end  of  the  DC  power  cord  to  the  voltage,  current, 

and  resistance  readings  test  board  and  the  other  end  to  one  of 
the  DC  outlets  on  the  power  bench.    The  DC  power  cord  is  kept  in 
the  drawer.    Also  connect  the  AC  power  cord  the  same  manner. 

  7.    Be  sure  that  the  AC  and  DC  both  rotary  switches  mounted  on  the 

back  of  the  voltage,  current,  and  resistance  readings  test  board 
are  in  the  number  1  position. 

  8.    Place  your  PSM-37  on  the  top  of  the  power  bench. 

  9.    Place  your  meter  leads  in  the  test  jacks  of  your  meter. 

 ^10.    Place  the  black  lead  of  your  PSM-37  into  the  GROUND  jack  (at 

center)  of  the  voltage,  current,  and  resistance  readings  test 
board. 

 11.    Set  the  polarity  switch  of  your  PSM-37  to  DC+. 

 ^12.    Set  the  FUNCTION  switch  of  your  PSM~37  to  the  V-IKQ/V  position. 

 ^13.    Since  you  set  the  DC  RANGE  SWITCH  on  the  power  bench  to  2AV, 

you  will  not  have  a  reading  higher  than  2AV.    Thus,  you  can 
safely  start  on  the  50V  range  of  your  PSM~37.    Set  the  RANGE 
switch  of  your  PSM-37  to  the  50  position. 

 Push  in  the  power  benches  TRAINER  POWER  PANEL  SWITCH  and  28V  DC 

POWER  PANEL  SWITCH  circuit  breakers. 

 15.    Place  both  the  TRAINER  POWER  SWITCH  and  the  28V  DC  POWER  PANEL 

SWITCH  on  the  power  bench  to  the  ON  position. 

 16.    Place  the  DC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  test  board  the  "ON"  position.    This  is 
circuit  //I. 
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Exercise  2  (Contlnuted) 


 ^^7.    Touch  the  probe  of  the  positive  lead  to  test  point  A  (TP-A) 

in  circuit  !•    Be  sure  that  your  fingers  do  not  touch  the  metal 
probes  when  taking  readings* 

 ^^8*    You  should  notice  a  very  small  deflection  on  your  meter.  .  Since 

your  meter  is  reading  less  than  lOV,  you  can  safely  set  the  RANGE 
switch  of  your  PSM-37  to  the  10  position.    Set  the  RANGE  switch 
of  your  PSM-37  to  the  10  position. 

 .19.    Your  PSM-37  should  be  Indicating  approximately  IV.    Since  this 

reading  is  less  than  2.5V,  you  should  use  the  2.5  range  to  get 
the  most  accurate  reading.     Set  the  RANGE  switch  of  your 
PSM-37  to  the  2.5  position. 

 20.    What  is  the  PSM-37  reading  now?   It  should  read 

approximately  1.15. 

Take  DC  voltage  readings  at  the  following  test  points  of  circuit  #1. 
Have  the  instructor  check  your  answers  when  you  have  finished. 

DC  VOLTAGE  CHECK 

A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I. 


J. 


Instructor's  Initials 


When  you  have  completed  your  DC  voltage  power  check,  turn  off  the  DC 
voltage  switch  on  your  test  board.    Turn  off  the  power  bench's  trainer 
power  panel  switch  and  the  28V  DC  power  switch* 
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Exercise  2  (Continued) 


Now  you  are  ready  to  take  AC  voltage  readings.    As  you  complete  each  of 
the  following  steps,  place  a  check  on  the  blank  by  the  number  of  the  step. 
Note  the  only  difference  in  rea^in^  AC  from  DC  voltage,  is  that  the  meter's 
polarity  switch  is  placed  in  th^  AC  position. 

 1.      Turn  the  RANGE  switch  of  your  PSM-37  to  the  1000  posj,*on. 

 2.      Turn  the  POLARITY  switch  of  your  PSM-37  to  the  AC  position. 

 ^3.      Push  in  TRAINER  POWER  PANEL  SWITCH  and  295V  AC  60  Hz  POWER 

PANEL  SWITCH  circuit  breakers. 

 4.      Place  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  295V  AC 

60  Hz  POWER  PANEL  SWITCH  to  the  "ON"  position. 

 5.      Place  the  AC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  test  board  (circuit  #2)  to  the  "ON"  position. 

Take  AC  voltage  readings  at  the  following  test  points  of  circuit  #2. 
Be  sure  to  work  down  to  the  most  accurate  range.    Have  the  instructor  check 
your  answers  when  you  have  finished. 

AC  VOLTAGE  CHECK 

A.  

B.  

C.   

D.   

E.   

F.   

G.   

H.   

I.   

J.   

When  you  have  completed  your  AC  voltage  pov'^r  check,  turn  off  the 
AC  voltage  switch  on  your  test  board.    Turn  off  the  power  bench's  power 
panel  switch  and  295V  AC  60  Hz  power  panel  switch. 

STOPi    Do  not  proceed  past  this  point'.    See  your  instructor  at  this  time. 
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Exercise  3 

In  this  exercise,  you  will  prepare  your  meter  to  read  current • 
Turn  the  range  switch  of  your  PSM-37  to  the  1000  position. 


2.  Turn  the  polarity  switch  of  your  PSM-37  to  the  DC+  position. 
^3.      Turn  the  function  switch  to  the  amps/pulse  MA  position. 


 ^.      Push  in  the  TRAINER  POWER  PANEL  SWITCH  and  28V  DC  POWER  PANEL 

SWITCH  circuit  breakers. 

 ^5.      Turn  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  28V  DC  POWER 

PANEL  SWITCH  on  the  power  bench  to  the  "ON"  position. 

 6.      Place  the  DC  milliamps  switch  on  the  test  board  to  the  "ON" 

position. 

Take  DC  current  readings  at  the  following  test  points  of  circuit  #3. 
Be  sure  to  start  on  the  1000  range  and  work  down  to  the  most  accurate  range 
for  each  test  point.    Have  the  instructor  check  your  answers  when  you  have 
finished. 

DC  CURRENT  CHECK 

A.   ma 

B.   ma 

C.   ma 

D.   ma 

E.   ma 

F.   ma 

G.   ina 

H.   ma 

I.   ma 

J.   ma 

When  you  have  completed  your  DC  current  check,  turn  off  the  DC  milliamps 
switch  on  the  test  board.    Turn  off  the  power  bench's  power  panel  switch  and 
28V  OC  power  switch.    Insure  you  pull  out  all  circuit  breakers. 

As  you  complete  each  of  the  following  steps,  place  a  check  on  the 
blank  by  the  number  of  the  step. 

 1.      DISCONNECT  the  DC  power  cord  and  the  AC  power  cord,  and  put  them 

in  the  power  bench's  drawer. 

 2.      Turn  the  POLARITY  switch  on  yrur  PSM-37  to  the  "OFF"  position. 


SEE  YOUR  INSTRUCTOR  AT  THIS  TIME,  YOU  ARE  NOW  READY  FOR  THE  PROGRESS  CHECK. 
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_    .  ,  SERVICE  TEST 

Environnental  Pneudraulics  Branch  C3ABR42331-WB-112 
Chanute  AFB,  Illinois  1  February  1984 

USING  A  MULTIMETER 

OBJECTIVES 

Before  you  actually  practice  using  a  multimeter,  you  need  to  review 
some  important  facts  pertaining  to  multimeters. 

1.  The  PSM-37  should  never  be  handled  carelessly;  aside  from  being 
expensive,  it  is  sensitive  and  delicate.    Don't  abuse  it. 

2.  Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on  it. 

3.  Periodically  check  the  strength  of  the  internal  battery.  Accomplish 
this  by  zeroing  the  phmmeter  on  each  of  the  range  switch  settings.    If  it 
does  not  zero  on  all  settings,  the  battery  needs  to  be  replaced. 

Exercise  1 

»ci.  ^^^^^  ^°  resistance  readings  on  the  trainer  with  the 

PSM-37.    As  you  complete  each  of  the  following  steps,  place  a  check  by  the 
number  of  the  step.    Have  your  instructor  help  you  with  steps  1  and  2.  Ask 
for  help  at  any  time  in  this  workbook. 

 Place  your  PSM-37  on  your  assigned  power  bench. 


_2.      Obtain  a  voltage,  current  and  resistance  readings  trainer  from 
the  storage  cabinet  and  place  it  on  the  power  bench. 

_3.      Set  up  your  PSM-37  for  reading  ohms.    The  POLARITY  switch  should 
be  set  at  DC+,  the  FUNCTION  switch  should  be  set  on  OHMS  STD  and 
the -RANGE  switch  should  be  set  on  the  highest  ohms  setting  and 
work  your  way  down  until  your  needle  falls  into  the  bold  green 
area  (5-60)  on  the  ohms  scale. 

_4.      Be  sure  your  meter  is  zeroed. 


_5.      Place  one  of  your  leads  on  TP-13  and  the  other  on  TP-14.  The 

polarity  doesn't  make  any  difference  when  reading  the  resistance 
of  a  resistor.    (TP  means  test  point.) 

_6.      The  resistance  indicated  on  your  meter  is  _____  ohms. 


OPR:  3370  TCHTG 
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Exercise  1  (Continued) 


While  completing  this  exercise,  you  will  get  practice  reading  resistance 
with  the  ohms  function  of  the  PSM-37.    Reaciabcr  to  set  the  range  switch  to  a 
position  where  the  needle  rests  in  the  wide  green  area  of  the  ohms  scale 
before  taking  your  readings*    Se  sure  to  zero  your  meter  before  starting. 
When  you  have  completed  the  following  problems  report  to  the  Ina true tor. 

For  each  of  the  following  pairs  of  test  points,  indicate  on  the  blank 
the  amount  of  resistance  your  meter  is  indicating. 

TP  READING 

3  &  4 


5  &  6 


11  &  12 


17  &  18 


23  &  2A 


25  &  26 


29  &  30 


33  Ci  34 


37  &  38 


STOP I    Do  not  proceed  past  this  point I    See  your  Instructor  at  this  time. 

Exercise  2 

Before  we  begin  to  take  some  voltage  and  current  readings  using  the 
multimeter,  let*s  observe  some  ^afaty  precautions. 

1.  When  measuring  unknown  voltages  and  currents,  start  your  check 
with  the  RANGE  switch  set  on  "1000."  Then  turn  it  to  a  lower  setting  if 
necessary.  Then  return  it  to  the  "1000"  range.  This  way  the  meter  will 
be  ready  for  the  next  check. 

2.  When  used  as  a  voltmeter,  connect  it  in  "parallel"  with  the 
voltage  drop  being  checked. 

3.  When  measuring  DC  voltage  and  DC  durrent;  be  sur«  to  observe 
polarity  when  connecting  the  meter  to  the  circuit.    Note  if  the  meter 
needle  moves  left  on  the  scale,  either  reverse  meter  nearest  on  the  circuit 
or  turn  the  polarity  st^ltch  to  the  other  DC  position. 
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Exercise  2  (Continued) 


As  you  complete  this  exercise,  you  will  use  the  PSM-S?  to  take  actual 
readings.    As  you  complete  each  of  the  following  steps,  place  a  check  on 
the  blank  by  the  number  of  the  step. 


^  1.    Place  your  PSM-37  and  this  PT  on  any  available  power  bench. 

_  2.    Obtain  a  voltage,  current,  and  resistance  readings  test  board 
from  the  storage  cabinet  and  place  it  on  your  power  bench. 

^  3.    Be  sure  that  the  three  circuit  switches  on  the  voltage,  current, 
and  resistance  readings  test  board  are  in  the  "OFF"  position. 

^4.    Be  sure  that  the  three  switches  on  the  power  bench  are  in  the 
"OFF"  position. 

_  5.    Place  the  power  bench's  DC  RANGE  SWITCH  to  the  2AV  position. 

^  6.    Connect  one  end  of  the  DC  power  cord  to  the  voltage,  current, 
and  resistance  readings  test  board  and  the  other  end  to  one  of 
the  DC  outlets  on  the  power  bench.    The  DC  power  cord  is  kept  in 
the  drawer.    Also  connect  the  AC  power  cord  the  same  m'anner. 

_  7.    Be  sure  that  the  AC  and  DC  both  rotary  switches  mounted  on  the 
br.ck  of  the  voltage,  current,  and  resistance  readings  test  board 
are  in  the  number  1  position. 

_  8.    Place  your  PSM~?7  on  the  top  of  the  power  bench. 

^  9.    Place  your  meter  leads  in  the  test  jacks  of  your  meter. 

10.    Place  the  black  lead  of  your  PSM-37  into  the  GROUND  jack  (at 
center)  of  the  voltage,  current,  and  resistance  readings  test 
board . 


 11.    Set  the  polarity  switch  of  your  PSM-37  to  DC+. 

 12.    Set  the  FUNCTION  switch  of  your  PSM-37  to  the  V-lKJl/V  position. 

 13.    Since  you  set  the  DC  RANGE  SWITCH  on  the  power  bench  to  24V, 

you  will  not  have  a  reading  higher  than  24V.    Thus,  you  can 
safely  start  on  the  50V  range  of  your  PSM-37*    Set  the  RANGE 
switch  of  your  PSM-37  to  the  50  position. 

 Push  in  the  power  benches  TRAINER  POWER  PANEL  SWITCH  and  28V  DC 

POWER  PANEL  SWITCH  circuit  breakers. 

 15.    Place  both  the  TRAINER  POWER  SWITCH  and  the  28V  DC  POWER  PANEL 

SWITCH  on  the  power  bench  to  the  ON  position. 

 16.    Place  the  DC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  test  board  the  "ON"  position.    This  is 
circuit  #1. 
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Exercise  2  (Contlnufed) 


 17.    Touch  the  probe  of  the  positive  lead  to.  test  point  A  <TP-A) 

in  circuit  1.    Be  sure  that  your  fingers  do  not  touch  the  metal 
probes  when  taking  readings. 

 18.    You  should  notice  a  very  small  deflection  on  yourHmeter.  Since 

your  meter  is  reading  less  than  lOV,  you  can  safely  set  the  RANGE 
switch  of  your  PSM-37  to  the  10  position.    Set  the  RANGE  switch., 
of  your  PSM-37  to  the  10  position. 

 19»    Your  PSM-37  should  be  indicating  approximately  IV.    Since  this 

reading  is  less  than  2.5V,  you  should  use  the  2.5  range  to  get 
the  most  accurate  reading.    Set  the  RANGE  switch  of  your 
PSM-37  to  the  2.5  position. 

 -0*    What  is  the  PSM-37  reading  now?   It  should  read 

approximately  1.15. 

Take  DC  voltage  readings  at  the  following  test  points  of  circuit  #1. 
Have  the  instructor  check  your  answers  when  you  have  finished. 

DC  VOLTAGE  CHECK 

A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I. 


J. 


Instructor's  Initials 


When  you  have  completed  your  DC  voltage  power  check,  turn  off  the  DC 
voltage  swiuch  on  your  test  board.    Turn  off  the  power  bench's  trainer 
power  panel  switch  and  the  28V  DC  power  switch. 
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 A. 

Exercise  2  (Continued) 

Now  you  are  ready  to  take  AC  voltage  readings.    As  you  complete  each  of 
the  following  steps,  place  a  check  on  the  blank  by  the  number  of  the  step. 
Note  the  only  difference  in  reaijin^  AC  from  DC  voltage,  is  that  the  meter's 
polarity  switch  is  placed  in  th9  AC  position. 

 1.      Turn  the  RANGE  switch  of  your  PSM-37  to  the  1000  position. 

 2.      Turn  the  POLARITY  switch  of  your  PSM-37  to  the  AC  position. 

 3.      Push  in  TRAINER  POWER  PANEL  SWITCH  and  295V  AC  60  Hz  POWER 

PANEL  SWITCH  circuit  breakers. 

 A.      Place  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  295V  AC 

60  Hz  POWER  PANEL  SWITCH  to  the  "ON"  position. 

 _5.      Place  the  AC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  test  board  (circuit  #2)  to  the  "ON"  position. 

Take  AC  voltage  readings  at  the  following  test  points  of  circuit  #2. 
Be  sure  to  work  down  to  the  most  accurate  range.    Have  the  instructor  check 
your  answers  when  you  have  finished. 

AC  VOLTAGE  CHECK 

A.  

B.   

C.   

D.  

E.   

F.   

G.  

H.  

I.   

J.   

When  you  have  completed  your  AC  voltage  power  check,  turn  off  the 
AC  voltage  switch  on  your  test  board.    Turn  off  the  power  bench's  power 
panel  switch  and  295V  AC  60  Hz  power  panel  switch. 

STOP  I    Do  not  proceed  past  this  point!    See  your  instructor  at  this  time. 
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Exercise  3 

In  this  exercise,  you  will  prepare  your  meter  to  read  current. 
Turn  the  range  switch  o£  your  PSM-37  to  the  1000  position. 


1*  Turn  the  polarity  switch  of  your  PSM-37  to  the  DC+  position. 
_^3,      Turn  the  function  switch  to  the  amps/pulse  MA  position^  -  * 


 ^4.      Push  in  the  TRAINER  POWER  PANEL  SWITCH  and  28V  DC  POWER  PANEL 

SWITCH  circuit  breakers. 

 5.      Turn  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  28V  DC  POWER 

PANEL  SWITCH  on  the  power  bench  to  the  "ON"  position. 

 6.      Place  the  DC  milliamps  switch  on  the  test  board  to  the  "ON" 

position. 

Take  DC  current  readings  at  the  following  test  points  of  circuit  #3. 
Be  sure  to  start  on  the  1000  range  and  work  down  to  the  most  accurate  range 
for  each  test  point.    Have  the  instructor  check  your  answers  when  you  have 
finished. 

DC  CURRENT  CHECK 

A.   ma 

B.   ma 

C.   ma 

D.   ma 

E.   ma 

F.   ma 

G.   ma 

H.  ma 

I.   ma 

J.  ma 

When  you  have  completed  your  DC  current  check,  turn  off  the  DC  milliamps 
switch  on  the  test  board.    Turn  off  the  power  bench's  power  panel  switch  and 
28V  DC  power  switch.    Injure  you  pull  out  all  circuit  breakers. 

As  you  complete  each  of  the  following  steps,  place  a  check  on  the 
blank  by  the  number  of  the  step. 

 1.      DISCONNECT  the  DC  power  cord  and  the  AC  power  cord,  and  put  them 

in  the  power  bench's  drawer. 

 2.      Turn  the  POLARITY  switch  on  your  PSM-37  to  the  "OFF"  position. 


SEE  YOUR  INSTRUCTOR  AT  THIS  TIME,  YOU  ARE  NOW  READY  FOR  THE  PROGRESS  CHECK. 
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DEPARTMENT  OF  THE  AIR  FORCE 

3330  Technical  Training  Wing  (ATC) 

Chanute  AFB,  Illinois  61868 


Service  Test 
C3ABR42331-HO-113 
22  August  1984 


BASIC  ELECTRICAL  CIRCUITS 

INSTRUCTIONS: 

Using  applicable  laws  and  formulas  solve  for  unknown  values  in  basic  electrical 
circuits: 


la,    Kirchoff's  Current  Law 


-AAW  — VWV  ■      AAAA/  jH 
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lb,  Kirchoff s  Voltage  Law 
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Ic.  OHM'S  LAW 


E=  2.      E=  12v  3.      E=  5v 
1=  3a                                 1=  2a  1=  10a 

R=  6wX  R=  R= 

P=  P=  P= 


4.      E=  6v                         5.      E=  3v  6.  E= 

1=  1=  1=  9a 

R=  12  JX                            R=  R=  3^ 

P=  P=  18w  P= 


E=  12v                        8.      E=  9.      E=  6v 

1=                                     1=  2a  1=  4a 

R=  120                                R=  R= 

P=                                       P=  8w  P= 


10.     E=  24v  11.     E=  4v  12.    E=  1.4v 
1=  .2a                               1=  .25a  1= 
R=                                       R=  R=  .7  ^ 

P=  P=  P= 
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2a.  Circuit  Problems 


I. 


E^s — 5= — V 

 cu  P.r  ...  ps,^  ^  p^^ 


2. 
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Environmental  Pneixdraulics  Branch  C3ABRA2331-HO-il3A 
Chanute  AFB,  Illinois  23  May  1984 

KTRCHHOFF'S  CURRENT  LAW 

INSTRUCTIONS:    Using  Kirchhoff's  Current  Law,  solve  for  the  unknown 
values (s) . 


-VWA/  VVW— — A/VW-  

I|=  «L  3^=  So.        ^=  o. 
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2. 
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C3ABR42331-HO-1133 
23  May  198A 


KIRCHHOFF'S  VOLTAGE  LAW 
INSTRUCTIONS:    Using  Kirchhoff's  Voltage  Law,  solve  for  the  unknown  vai.ue(s). 


1. 


^1=  Ei,=  W 


2. 
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AC  MOTOR  WIRING  DIAGRAM 
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KIRCHHOFF'S  CURRENT  LAW 
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OBJECTIVE 


Use  Kirchhoff 's  current  law  to  solve  for  unknown  values  in  basic 
electrical  circuits.    A  minimum  of  eight  out  of  the  ten  unknown  values 
must  be  correct. 

INSTRUCTIONS 

This  PT  presents  information  in  small  steps  called  "frames/' 
Carefully  study  the  written  material  and/or  diagram  in  each  frame 
until  you  are  satisfied  that  you  understand  its  contents.    Each  frame 
requires  you  to  respond  to  the  information  in  some  way.    For  example, 
you  *ay  be  required  to  solve  for  unknowns  in  circuits.  Specific 
instructions  are  provided  in  each  frame.    After  you  have  made  your 
response  in  this  book,  compare  your  answers  with  the  answers  given  on 
the  top  of  the  next  page.    If  you  are  correct,  go  on  to  the  next  frame. 
If  you  are  incorrect,  study  the  frame  again  and  correct  your  mistakes 
before  continuing.    Read  carefully,  select  the  correct  answers  and  DO 
NOT  HURRYl  1 
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Frame  1 


Kirchhoff*8  current  law  is  stated  as  follows:    The  sum  of  the 
currents  that  flow  Into  any  junction  of  conductors  is  equal  to  the 
sum  of  the  currents  that  flow  away  from  that  junction.    In  order  to 
apply  this  law,  you  must  understand  what  we  mean  by  a  junction  of 
conductors.    A  junction  is  the  point  where  two  or  more  conductors 
are  joined  together.    In  the  figure  shown,  we  have  identified  junctions 
at  points  A,  B,  and  C. 

There  is  one  path  for  current  to  flow  into  junction  C  and  two 
paths  for  current  to  flow  out  of  junction  C.    The  arrows  are  indicating 
the  direction  of  current  flow  in  the  circuit.    There  are  two  paths  for 
current  to  flow  into  B  and  one  path  for  current  to  flow  out  of  B. 
There  is  one  path  for  current  to  flow  into  junction  A  and  one  path  for 
current  to  leRve  A. 


For  each  of  the  junctions  lettered  in  the  circuits  below,  indicate 
how  many  paths  are  leading  into  the  junction  and  how  many  are  leaving. 
Remember,  current  flows  from  a  negative  potential  to  a  positive  ' 
potential.    The  short  line  of  the  battery  symbol  represents  the 
negative  terr^-lnal^    Put  your  answer  on  the  appropriate  blank  on  the 
response  sheet. 


a.  How  many  paths  leading  a.  How  many  paths  leading 
into  A?    into  B?   . 

b.  How  many  paths  leaving  b.  How  many  paths  leaving 
A?  B? 
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Frame  1  (Continued) 


a.     How  many  paths  leading 
Into  C?   


b.     How  many  paths  leaving 

C?  „ 


a.     How  many  paths  leading 
into  D?  


b.     How  many  paths  leaving 
D? 
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Answers  to  Frame  1:    la.      1        2a.      2         3a.      1        4a.   3 

b.      2  b.      1  b.      1  b.  1 


Frame  2 


Now  that  you  understand  how  to  determine  how  many  paths  are  leading 
into  a  junction  and  how  many  are  leaving,  you  are  ready  to  learn  how  to 
apply  Kirchhoff 's  current  law  in  solving  for  unknown  currents  in  a 
circuit.    First,  we'll  restate  the  law:    The  sum  of  the  currents  flowing 
into  a  jLunction  of  conductors  is  equal  to  the  sum  of  the  currents  flowing 
away  from  that  junction.    To  demonstrate  how  to  apply  this  law  we  will 
use  the  circuit  shown  below.    In  the  circuit  below  we  need  to  find  the 
amount  of  current  flowing  through  Rl.    Applying  Kirchhoff 's  current  law 
to  junction  A,  we  have  the  sum  of  the  currents  flowing  into  A,       +  " 

5a.    Thus,  we  must  have  5a  leaving  A.    Therefore,  1^  «  5a. 


I  v5sr 


r 


■VNAr 


Determine  the  unknown  current  in  each  of  the  c-'rcuits  below.  Put 
your  answers  on  the  appropriate  blank,' 


I. 


— VSA^  1 


■  /VW— H> 

1      l|  =  a 

T 


I3--30 


2. 


A/W  |il 


652 


Answers  to  Frame  2:    1.    6a     2.  2a 
Frame  3 

In  this  frame  you  will  see  that  Kirchhoff  •s  current  law  is  valid 
in  an  act'^al  circuit. 

Since  there  is  only  one  path  for  current  flow,  it  must  be  the  same 
at  any  point  in  the  circuit.    Let's  see  why.    Jn  the  circuit  below  we 
want  to  find  the  values  of  I^,  I^,  and  I^.    There  are  2  amps  flowing 

into  junction  C»    Using  Kirchhoff *s  current  law  we  have  2  amps  leaving 
junction  C.    Since  there  5.s  only  one  path  leaving  junction  C,  the 
current  through  ^"^^  also  be  2  amps.    Thus,  we  have  2  amps 

flowing  into  junction  B.    Since  there  is  only  one  path  leaving  B,  = 

2a,    Since  there  are  2  amps  flowing  into  junction  A  and  there  is  only 
one  path  leaving  junction  A,       must  also  be  2  amps*    Fill  in  2a  for 

I  ,         and       in  the  circuit  below. 


Using  Kirchhoff *s  current  law,  solve  for  the  unknown  currents  in 
each  of  the  following  circuits.    Put  your  answers  on  the  ropropriate 
blank. 


t 


A     R,      B    R2     C  R3 


1 


■• — ^A/V — •-A^A^ — •— WAr- 
I.  =  ^0    l2=  0  13=20 


2. 
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Answers  to  Frame  3:    1.    3a     2.  4a 


Frame  4 


In  the  last  frames  you  saw  that  Klrchhoff 's  current  law  is  valid 
in  an  actual  circuit.    The  remainder  of  this  lesson  is  going  to  give 
you  practice  applying  Kirchhoff 's  current  law  to  various  circuits. 
First,  we'll  give  one  more  example  problem  that  ie  worked  out  step- 
by-step.    Since       »  6a  in  the  circuit  below,  there  are  6  amps  flowing 

into  junction  1.    Applying  Kirchhoff 's  current  law  we  have  6  amps 
leaving  junction  1.    Sinc^  t^ere  are  2  amps  flowing  up  through 

there  must  be  4  amps  flowing  Into  Junction  1.    Thtxs,  there  must  be  4 
amps  leaving  junction  2.    Since  there  is  1  amp  flowing  up  through  R^, 

there  must  be  3  amps  flowing  into  R^.    Thus,       ■  3a.    Fill  in  3a  for 

I^.    Next  we  want  to  find  the  value  of  1^^.    Since  there  are  2  amps 

lea  zing        there  must  be  2  amps  flowing  into  Rj^.    Thus,  Ij^  »  2a. 

Fill  in  2a  for  I,. 


4 


3 


R3 


NO  FURTHER  RESPONSE  REQUIRED,  PROCEED  TO  THE  NEXT  FRAME. 


7 
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Frame  5 


Using  Kirchhoff *8  current  law,  analyze  the  circuits  below  to 
determine  the  unknown  current  in  each  circuit.    Put  your  answers  en 
the  appropriate  blank. 


Answers  to  Frame  5:    1.    6a    2.    4a    3,    6a    4.    2a    5.  5a 

Frame  6 

Using  Klrrhhoff *s  current  law,  analyze  the  circuits  below  to 
determine  the  unknown  current  In  each  circuit.    Put  your  answers  on 
the  appropriate  blanks 


j  ^AA^— ||l 


IfslOa 


t- WAr— j|l 
u-VVV  ||l 


3. 


T-1 


AAAr— AAAr— 1 1 1 
'  -3a     lj=3a  ' 


4. 

Ij  -2a 

T 


— wv — ||l 


:8a 


,s3a 


1  ^AAr 


~  ^— WAr 


WV — ||i 


.-2a 
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Answers  to  Frame  6:    !•    Ja2,    5a    3,     5a^   ^.    8a5,  5a 
Frame  7 

Using  Kirchhoff's  current  law  analyze  the  circuits  below  to 
determine  the  unknown  current  in  each  circuit •    Put  your  answers  on 
the  appropriate  blank.    After  you  complete  the  following  problems 
see  your  instructor  for  grading, 

1, 


Fill  in  the  ammeter  readings  in  the  circuit  below, 

2. 


Have  the  instructor  check  your  answers. 

Instructor's  Initials 


ERIC 


Frame  8 


Using  Kirchhoff's  current  law  Analyze  the  circuits  below  to  deter- 
mine the  unknown  current  in  each  circuit.  Put  your  answers  on  the 
appropriate  blank.    After  you  complete  the  following  ten  (10) 
problems  see  your  instructor  for  grading. 


2. 


J — VW 

I 


It  -6a 


— VW— 

—  

3. 


r 


-WSr- 
l,  =  7o 


-AAA^  ^A/V — I 

l2*7o  \^»7q 


■'^AAr-||l 


•3=  0 


l|  -2a  >  l2=4o 


5. 


Frame  8  (Cont'd) 


Have  the  instructor  check  your  answers. 

Instructor's  Initials 
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SERVICE  TEST 

Environmental  Pneudraulics  Branch  C3ABR42331-HO-117B 
Chanute  AFB,  Illinois 

INSTRUCTIONS  TROUBLESHOOTING 

Using  the  malfunction  indications  and  meter  readings,  locate  and 
record  the  probable  malfunction. 

Part  la  -  Opens  (Voltmeter) 

1.  All  resistors  inopena+ive  L  


^1 


2.  All  hesis4ors  inope.xL-fiVe  2. 


lO 


X 


3.  fill  resis+ors  inopenoL+iVe  ^ 


ERIC 


M.  All  ligh+s  inopera+jve  H.. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 
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-  1 


2641 


/^ll  I igh+s  inoperative  £,  ^  


7,  /111  r^sisfors  inope«~a+iVc  7. 


Tart  2a-  ShorfsCVol+mefer) 


t.  'Rj  ioopera+ive 


643 


4.      mopcra+ive  4. 


8.  Mo-hors  cQnno'l'  he  turned  of-f  ?. 


5644 


1i«.r+ 3a- Opens  and  S^or+i  Cv/ol+me+*r:) 
I.       ligh-i-s  mopera-fiVe  I,  


3.  inopc(ra4'ii/'e 


3.. 


H^f\\\  loads  inoperoftVe  i|. 




M, 


j~  r\ — fx  i@f"  f@ir  

I 


ERIC 
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Part  3b-  Op«ns  and  Shorhs(OKmmefer) 
I.Hesis+ors  didno+cirop  vol+cge  U  


a.  M,  Inopera+iVe 


a. 


Ma 


ft 

^  flII  loads  fnopera-fiVe 

I 


I 


1?;^  inopera+ive 


4. 


*  •  •  • 


^Liglrk  vji II  not  furn  off 

r 
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Tar+  M  -  Opens  and  SKorfsCVol+and  Ohmm^ers) 
I.  *Resis+or^  do  no+  oJork  I..   1^ 


2.  Motors  run  tohen  Earned  off  2. 


ERIC 


§47 


4,  fli  I  \oais  do  nof  u)or k 


7,  R,Qnd'Ra^no+ tJork  T 


/O.N^orsujillnots+op'*  ^len+umed  10.. 
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PARALLEL  CIRCUIT  TROUBLESHOOTTNC 
INSTRUCTIONS 

Using  the  malfunction  indication  anH 
record  the  probable.  ^^ication  and  meter  readings,  locate  nnci 

Part  la  -  Opens  (Voltmeter) 

La^Qnd      inopera-fiVe  I  


er  resis-l-or  loilj  drop  Vol  fag  e 


 ^ 

I 


3.  inoperafiVe 


Hv 


3. 


<M'H:     3370  fcHTC 
i'JSTKU'.U'lTON:  X 
}  )70  TC-HT(./'IT(;(l-[« 
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?ar-f  lb'  Opens  COhmme-^er) 


•7.  mopera4-iVe, 


7.. 


^.    "R;^  inopena+We 


8rL  ^ 


^.     ^s.  inopercL+iVe 


/o.    Bo+h  res'isfors  mopera+ive 


/a. 


ERIC 


^Mo4e;  You  canno-h  4-roab(eshocrf  ahor-hs 


Tar-h.?   -  Shor+sCOhmme+€r) 


in 


a  parallel  circui+  w.-fh  a  \^o/+mef«<^) 
I  


3.    L  oji  1 1  nof  furn  of-P 


3.        u)i  II  no-f  drop  vo|-fag( 


H .  Motors  10 i  li  nof  f  t(.r n  ov^er 


•I 


ERIC 
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Par4  3-  Oper\SQnd  Shores  ^Ohmmeler) 
.  fill  li^h+s  I'oopera+iN/e  I.  


inopera+ive. 


3.    M|  inopera-f/Ve 


Rj^  inopera+iVe 


4. 


5.  /^Il    ligh+5  mopera+fve 


ERIC 
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Tor-f  4-  Opens  and  Shor-fs  (Votf  an<l  Ohmme^^) 

'nftpfmtiVf   :   i  


Z.  Lgh+s  will  no+  +arn  of-f 


3.    R;i  tuid  nof  drop  x^oliagt 


h 


3. 


H.  /ill  loads  do  no+ LOOP k 

— 


ERIC 


G55 


.5.  Ses<s+ors  uJoo'-ftoork 


6-  Mo+ors   u;i  II  no+  Uork 


7.    ^  u)ill  not  iigh+ 


7. 


S. 


oil  ,)if-Vv~-^--^C-^ 


Ra  ^»  n  nof  drop  volfage.  ^. 


I 
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Chanute  AFB,  Illinois 


C3ABR42331-H0-114C 
22  August  1984 


SERIES  PARALLEL  TR0UBLE8H00TIHS 

.  _  Ji.  


1.    Both  lamps  Inoperative. 


2.    Both  lamps  inoperative 


12V 


12\ 


• — 4 

L2 

u 

1  9. 

c  m 

L2 


3.    L-  is  inoperative. 


7  ^8 


DISTRIBUTION:  X 
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AW 


-4- 

661 


^.    L.  is  Inoperative. 


9 


ERIC 


-7- 


664 


4. 


• — wv 


-WSr 


I 


1. 


2. 


 12V 

I 


"5 

3. 


lERiq 


-12- 
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-14- 
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8. 


BEST  COPY  AVAIUBLE 


9. 


R4=2/\ 


10. 


J  ^>AV 


ERIC 
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CBJECTIVE 


In  h.l!?c  voltage  Uw  to  solve  for  unknown  voltage  values 


INSTRUCTIONS 


"fraiaSf"  ''SJeJI^v         ^^r"'?  in  ««an  steps  called 

frZ!  1^-^  7  ^  satisfied  that  you  understand  its  contents.  Each 

f^^«i  '°  '"P*^'*  '°        infonnation  in  some  way  For 

example,  you  nay  be  required  to  aolne  for  ,mir««»,«  4     4  S 
flc  instruction;  are  provided  L^Ih  fJL^  ^Pecl- 
reeponse  in  this  book"  wapMeyoS  if '^f  ^''^ 

answers  and  DO  NO?  SuJS?!     ^*  carefully,  select  the  correct 


INTRODUCTION 


law  in  so?vLi*?L     !!"       /^'ned  how  to  apply  Kirchhoff  s  current 


Supersedes  3ABR42331-PT-115.  7  March  IQRO 
OPR.-     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;    TTVSA  -  1 


2 
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Frame  1 


Klrchhoff's  voltage  law  Is  stated  as  follows:    The  sum  of  the  voltage 
drops  around  any  closed  path  Is  equal  to  the  total  voltage  applied  to  that 
patlit    In  order  to  use  thia  law  you  must  understand  what  is  meant  by  a 
clo0«4  pAth.    To  explain  chle  we  will  use  the  examples  shovn  below. 
Example  A  has  just  one  closed  path»    It  is  point  A-B-C-D.    In  example  B 
there  are  two  closed  paths*    One  path  is  point  .\-B-E-F,    The  other  path 
goeo  from  point  A-B-C-D-E-F.    Trace  these  two  paths  in  example  B  to  be 
sure  that  you  understand  that  there  are  two  closed  paths. 


For  each  of  the  following  circuits  indicate  in  the  blanks  provided 
how  many  clotted  paths  each  circuit  has* 


1.      How  many  paths? 


2*      How  many  paths? 


1 


3.      How  many  paths? 


Answers  to  Frame  1:  1. 
Frame  2 


2. 


3. 


u^"^        ^no"        to  determine  the  closed  paths  in  a  circuit. 
^ItaLs  voltage  law'to  determine  unknown 

voltages.    First,  we'll  restate  Kirchhoff's  voltage  law.    The  sum  of  the 

f ?°  ^^^^        «^he  circuit  sho^  below. 

This  figure  has  two  paths.    Let's  first  use  the  path:  A-3-C-D-E. 

Adding  up  the  voltage  drops  in  this  path  we  have.  E    +  E    +  E    -  6V  + 

^ZoVl  '  f       ^J'^'^^""'^  voltage  law  states  that  the'sum  If  the 

E    ^21^  N  '°  ^°l'-8e  applied! 

Thus.  E^  -  21V.    Now  let's  use  the  other  path.    It  is  as  follows: 

A-B-F-D-E.    Adding  up  the  voltage  drops  in  this  path  we  have  E,  +  E  + 
matter  which  path  we  used,  we  founS  E^  -  21V  using  either  path.  The 


total"vo?L!?r"\^^^^''^  ^^^y"        ^^^^^^^^  to  determine 

in  fhirbook!  ^""'^  -^"^^"^  °"        appropriate  blank 


2. 


E3=I0V  SE4.IOV 


I — vw 

T 


6V      E2-6V  E3»8V 


ERIC 


< 


Fratae  2  (Continued) 
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Aw«r«  to  7r«M  2:  1.  26V  2.  20V  3.  24V  4.  32V 
Fraae  3 


Using  the  scherattic  dlagrw  below,  analyie  the  circuits  to 
deteraine  the  unknown  voltage  in  each  circuit.  Put  your  answers 
the  appropriate  blank.  jRenesber  the  total  voltage  is  the  sum  of 
the  voltage  in  only  one  close  path. 
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Answers  to  Frame  3:    1.    lOV        2.  5V 


Frame  4 


In  the  past  frames  you  saw  that  Kirchhoff voltage  law  is  true 
in  actual  circuits.    The  rest  of  this  lesson  will  give  you  practice 
applying  Kirchhoff *s  voltage  law.    First,  weUl  give  you  one  more 
exan?>lQ  problem  that  is  worked  out  step  by  step.    There  are  two  closed 
paths  in  the  circuit  below.    One  path  is  A-B-C-D-E, 

Applying  KirchhoffVs  voltage  law  to  this  path  we  have  E  ,  +  E  + 

-   '    '    RA  R2 

\l  •  30V.    Substituting  in  known  values  we  have  E„,  +  E^^  +  lOV  =  30V. 

Rh  R2 

Since  there  are  two  unknown  voltage  drops  in  this  path,  we  cannot 
determine  the  value  of  either  Ej^^  or        by  using  this  path.    We  must  use 

a  path  that  has  only  one  unknown  voltage  in  it.    The  other  path  is 
A-B-F-D-E.    Note  that  this  path  has  only  one  unknown  in  it.  Applying 
Kirchhoff 's  voltage  law  to  this  path  we  have  E  ,  +  E  ^  +  E  -  »  30V. 

Substituting  in  known  values  we  have  E^^^  +  12V  +  lOV  »  30V.  Thus, 
\^^  ■  8V.    Fill  in  8V  for  Ej^^  in  the  circuit  below.    Now  we  have  enough 
information  to  find  E^^.    Applying  Kirchhoff's  voltage  law  to  the  path, 
A-B-C-D-E,  we  have  Ej^^  +        +  \i  "  Ej.*    Substituting  in  known  values 
we  have  8V  +  E^^  +  lov  -  30V.    Thus,  E     -  12V. 


DO  NOT  WRITE  IN  THIS  -TEXT. 
C 


Ef30V  F  ER3-I2V 


AA/Vr 


NO  RESPONSE  REQUIRED 


Proceed  to  the  next  frame. 


6S3 


Frame  5 


Using  Kirchhoff's  voltage  law,  analyze  the  circuits  belov  to 
determine  the  unknown  voltage  in  each  circuit.    Put  your  answers  on 
the  appropriate  blank* 


I 


-WAr 


lOV  ER2-I2V 


ER3'6V  ^Et._V 


Ei»6V  SE2 


3. 


£4«2V  E5»3V 


4 


x 


-WAr- 
E|-6V 


E2-  V    >  E3»3V 


E4»IV 


5. 


6S4 

8 


1 

Answers  to  Frame  5:    1.    28V        2.    6V        3.    14V       4.    4V        5.  7V 

Frame  6 

Using  Kirchhoff's  voltage  law,  analyze  the  circuits  below  to 
determine  the  unknown  voltage  In  each  circuit.    Put  your  answers  on  the 
appropriate  blank. 


I 


E|-6V  E2»3V 
Efl2V 


•AAA*  ||l  2 


"  2V 


:e3-_v 


 'V\ 


-AAAr— 
E2-4V 


1 


'■.X 

i 


-AAAr 


E2-3V 

E|-  y 


— 


E4  =  9V 


HI' 


6S5 


Have  the  instructor  check  your  answers* 
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Frame  8 


Using  Klrchhoff^s  voltage  law,  analyze  the  circuits  below  to 
determine  the  unknown  voltage  In  each  circuit.    Put  your  answers 
on  the  appropriate  blank# 


I. 


I — wv- 

E|>I2 


-^V\  vw- 


12V     E2-6V    E3-  V 

-~  Ej-ZOV 


I 


2. 


■AAAr 


"j"  E|-  V 


E2-6V 


E4-8V 


E|-6V  E2"6V 


E3«I0V 


E4-I0V 


<>  WSr 


4.     ,  VVA)  

E|'I2V 


I 


Ef  y 


— -VWr 
E2»6V 

E3»8V 


ES'lOV 


I — wv 

Ef>48V 


I — vw — ^A^ — III 

E4-I2V  ' 


12V      E2-I2V  E3.6V 


1 


-VA  

Eg'— V 


ERIC 


GO  TO  THE  NEXT  PAGE. 


7.  i  vw- 


8. 


E4-4V 


>  V\Ar~<i  


E3«4V 
E4«4V 


E5«  y 


AAA^  {|i 


E7-2V 


E3«6V 


ERIC 


9. 


I          E|-6V       E2-6V  E3»6V 
E|«  V 


I 


10. 


E|«6V 
-Zr  E|«24V 


tWt"    f    -VW  III 

E4«6V      I     c-»-  w 


I 


Es*  y 


E3.4V 


Have  the  Instructor  check  your  answers. 

Instructor's  Initials 
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Environmental  Pneudraulic  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-WB-303A 
20  March  1984 


SAFEr/ING  METHODS,  PROCEDURES,  AND  DEVICES 

OBJECTIVE 

Using  mechanical  safetying  devices,  trainer,  workbook,  and  applicable 
handtools,  safety  bolts,  clamps,  and  connectors  to  TO  specifications. 

EQUIPMENT 

Safety  wire  trainer  (2301  Environmental) 

(4183  Pneudraulic) 
Applicable  handtools 
Safety  wire 
Cotter  pins 
Goggles 
TO  l~lA-8 

PROCEDTOE 

There  are  several  methods  used  to  safety  aircraft  hardware.  We  wish 
we  could  familiarize  you  with  all  of  them.  Since  we  don't  have  that  much 
time,  we  will  concentrate  on  the  safetying  methods  most  common  to  your  job. 

Follow  each  part  of  this  workbook  closely.  Perform  each  step  carefully. 
Be  particularly  careful  with  the  sharp  ends  that  are  created  when  safety  wire 
.md/or  cotter  pins  are  cut. 

You  will  need  certain  handtools  to  accomplish  tne  tasks  listed  in  this 
workbook.     Ask  the  instructor  where  you  may  obtain  these  tools. 

Side  cutlers  (diagonal  cutters) 

Pliers  (duckbill  or  suitable  substitute) 

Section  1.    METHODS  OF  SAFETYING 

I.      Securing  with  Cotter  Pins. 

A.  Cotter  pins  are  used  to  secure  such  items  as  bolts,  screws,  pins, 
castellated  nuts,  and  shafts. 

B.  The  use  of  cotter  pins  is  favorable  because  they  can  be  installed 
and  removed  quickly. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  ~  250;  DAV  -  1 

resigned  for  ATC  Course  Use.     Do  Not  Use  on  the  Job. 
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  '  '^  '-^i  '  tttSI  COPY  AVAILABLE 


II.     Securing  with  Safety  Wire. 
A.      Single  Wire  Method. 

1.  'rhis  method  is  used  to  safety  closely  spaced  fillister 
head  screws  (screws  with  holes  drilled  through  the  head)  in  a  closed 
geometrical  pattern. 

2.  The  wire  is  installed  so  that  the  screws  cannot  loosen. 

3.  Always  use  the  largest  size  wire  that  the  hole  will 
accommodate . 


• 


B.      Double  Twist  Method. 

1.  This  is  the  most  common  method  of  safety  wiring  used. 

2.  The  double  twist  method  can  be  used  to  safety  boltt:,  nuts, 
and  screws. 

a.  If  parts  are  closely  grouped,  it  is  more  convenient  to 
safety  wire  them  to  each  other.    This  is  called  series. 

b.  The  maximum  number  of  widely  spaced  bolts  that  can  be 
wired  in  a  series  is  three. 

c.  The  maximum  length  of  wire  that  can  be  used  is  24  inches. 

d.  Bolts,  nuts,  and  screws  which  are  spaced  more  than  6  inches 
apart  shall  not  be  wired  in  series,  but  safetied  individually. 

Section  2.     SAFETYING  PROCEDURES 
1.      Using  Cotter  Pins. 

A.      In  the  lower  left  corner  of  the  safety  wire  trainer  is  a  castle  nut 
for  you  to  secure. 


Figure  1.     Cotter  Pin  Installation. 

B.      Refer  to  figure  1  for  correct  installation  of  the  pin  and  perform 
the  following  steps.     Use  Section  16  of  TO  l~lA-8  for  additional  information. 

1.  If  the  castle  nut  is  loose  ask  the  instructor  for  a  wrench  to 
tighten  it.  Align  the  nut  so  that  a  cotter  pin  will  pass  through  it  and  the 
hole  in  the  bolt . 

2.  Select  the  largest  size  cotter  pin  that  the  hole  will  accommodate. 
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3.  Push  the  cotter  pin  through  the  hole  in  the  bolt  as  far  as  it 
will  go.    The  long  side  of  the  cotter  pin  should  be  up. 

4.  With  the  side  cutters,  bend  the  long  side  of  the  cotter  pin 
straight  up.    Cut  it  off  so  that  it  resembles  the  pin  shown  in  figure  1. 
CAUTION:     Hold  your  free  hand  over  the  nut  while  cutting  the  pin  so  that  the 
snipped  end  won't  fly  up  and  strike  you  in  the  eye. 

5.  Bend  the  cut  side  of  the  cotter  pin  over  the  bolt  head  and 
tap  it  flat  with  the  side  cutters. 

6.  Bend  the  other  side  of  the  cotter  pin  straight  down.    Cut  it 
off  so  that  it  looks  like  the  pin  in  figure  1.    Tap  with  the  side  cutters 
until  it  lies  flat  against  the  nut. 

7.  When  you  feel  that  yoa  have  properly  safetied  the  castle  nut, 
notify  your  instructor. 

II.    Using  Safety  Wire. 

A.      Single  Wire  Method. 

1.      On  the  right  side  of  the  safety  wire  trainer  there  is  an 
electrical  connector.    The  base  of  the  connector  is  fastened  to  the  trainer 
board  by  four  fillister  head  screws. 


(4)  (3) 

Figure  2.    Top  View  of  Connector  Plug. 

2.      Refer  to  figure  2  for  correct  installation  of  the  wire  and 
perform  the  following  steps. 

a.  Cut  a  piece  of  safety  wire  approximately  12  inches  long. 

b.  Thread  the  wire  through  the  hole  in  the  head  of  screw 
number  1  until  the  ends  are  about  equal  in  length. 

Note:     If  the  hole  in  the  screw  is  blocked  by  the  body  of  the  connector, 
the  screw  may  be  loosened  enough  to  get  the  wire  through.    After  the  wire 
has  been  threaded  through  the  hole,  retighten  the  screw  before  taking  the 
wire  to  the  next  screw. 
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The  wire  should  be  threaded  through  screws  2  and  4  so  that 


if  screw  number  1  tries  to  loosen,  force  will  be  applied  in  the  tightening 
direction  to  these  adjoining  screws.    The  same  procedure  must  be  used  on  all 


d.      After  you  have  threaded  the  wire  through  the  hole  in  screw 
number  3,  use  the  pliers  and  twist  the  ends  of  the  wire  together  starting 
at  the  hole. 


e.  Cut  the  wire  so  that  a  pigtail  about  1/4  to  1/2  inch  long 
remains.     Note:     Tlie  pigtail  should  contain  a  minimum  of  4  to  6  twists, 

f.  Bend  the  pigtail  around  the  screw  so  that  it  looks  like  the 
wire  in  figure  2,     This  will  help  keep  someone  from  snagging  their  hand  on  the 
safety  wire, 

8*      When  you  feel  that  you  have  properly  safetied  the  four 
fillister  head  screws,  notify  your  instructor, 

B,      Double  Twist  Method, 

1,      Across  the  top  of  the  safety  wire  trainer  there  are  four  bolt 
heads  in  a  straight  line. 


Figure  3,     Bolt  Heads  Safetied  by  the  Double  Twist  Method. 

2,      Refer  to  figure  3  for  correct  installation  of  the  wire. 
Safety  the  first  two  bolt  heads  from  the  left  by  performing  the  following 
steps  * 

a.  If  the  holts  are  loose,  ask  the  instructor  for  a  wrench 
to  tighten  them, 

b.  Cut  a  piece  of  safety  wire  approximately  12  inches  long, 

c.  Tliread  the  wire  through  the  hole  in  the  bolt  head  until 
the  ends  are  about  equal  in  length, 

d.  The  wire  may  be  twisted  by  hand  except  for  the  final 

few  twists  which  should  be  made  with  pliers  to  properly  secure  the  wire  ends, 

e.  The  wire  must  be  twisted  so  that  the  loop  around  the  bolt 
head  stays  down.     Extreme  care  should  be  taken  when  twisting  the  wire  to  insure 
that  it  is  tight  but  not  stressed  to  the  point  where  breakage  might  occur  under 
a  slight  load  or  vibration, 

f.  Thread  the  wire  through  the  second  bolt  head  so  that  if 
either  bolt  head  tries  to  loosen  (turn  counterclockwise),  force  will  be 
applied  in  the  tightening  direction  to  the  other, 
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g»      Use  the  pliers  to  twist  the  wire  counterclockwise, 

h.  Cut  the  wire  so  that  a  pigtail  about  1/4  to  1/2  inch  long 
remains.     Note:    The  pigtail  must  contain  a  minimum  of  4  to  6  twists, 

i.  Bend  the  pigtail  aroui  \  the  bolt  head  so  that  it  looks 
similar  to  that  In  figure  3, 

j.      If  you  feel  that  you  have  properly  safetied  the  two  bolt 
heads,  notify  your  instructor. 

C.  Safety  Wiring  V-Band  Clamps. 

1,  On  the  safety  wire  trainer  there  is  a  f/iece  of  ducting 
connected  by  a  V-band  clamp, 

2,  Refer  to  Section  18  of  TO  l-lA-8  for  correct  method  of  safetying 
the  V-band  clamp, 

3,  When  you  have  completed  this  project,  notify  your  instructor, 

D,  Safety  Wiring  Three  Bolts  in  a  Row, 

1,  Refer  to  Section  16  of  TO  l-lA-8  for  proper  procedures  of 
safety  wiring  three  bolts  in  a  row, 

2,  When  you  have  completed  this  project,  notify  your  instructor. 
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bnvironmen  al/Pnoudraulxc  Branch  C3ABRA2331-WB-303 
Chanuto  APB,  Illinois  26  October  1983 

TORQUE  WRENCH  PERFORMANCE 

OBJECTIVE 

Using  a  traLner  and  applicable  tools,  torque  aircraft  type  ..uts  according 
to  specified  values. 

EQUIPMfciiNT 

Torque  wrench 

Hinge  handle 

9/16"  Socket  wrench 

Torque  Wrench  Application  Trainer 

PROCEDURES 

1.  Locate  the  Torque  Wrench  Application  Trainer. 

2.  Get  a  torque  wrench,  hinge  handle,  and  a  9/16**  socket  wrench  from 
Tool  Lvicker  #3. 

!5.     ilold  the  torque  wrench  in  your  hanr'  so  that  you  can  see  the  graduations 
on  tfu-  grip  and  shaft.     Compare  the  torque  wrench  to  '   gure  1  below  and  familiarize 
yourself  with  ins  parts.     (Note:    On  .some  torque  wrenc  ^es  the  locking  device  is 
located  at  the  bottom  of  the  grip.)    Look  at  the  shaft  scale.     It  is  graduated  in 
increments  of  50,  from  100  to  750  inch  pounds.    Look  at  the  vernier  scale.     It  is 
graduated  in  increments  of  5,   from  0  to  50  inch  pounds.     By  turning  the  grip  and 
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Figure  1. 
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oliuning  oiu-  of  the  vernier  scale  markings  with  the  contor line,  you  can  get 
any  torque  setting  you  want  from  100  to  750  inch  pounds,  to  the  nearest  5 
inch  pounds. 

4.  Unlock  the  torque  wrench  hand  grip  either  by  sliding  a  locking  ring  to  the 
rear  or  turning  a  locking  device  in  the  direction  of  the  arrow  shown  on  the 
defice.    Ask  the  instructor  for  assistance  if  needed. 

5.  Sat  the  torque  wrench  at  200  inch  pounds  by  turning  the  hand  grip  clock- 
wiso  until  Lh«  '0'  on  the  vernior  scale  is  aligned  with  the  '200'  on  the  shaft 
scale  center  1 ine . 

0.    "Lock  in"  the  torque  wrench  either  by  sliding  a  locking  ring  forward  or 
turning  a  locking  device.     (NOTE:     The  hand  grip  will  NOT  lock  if  the  vernier 
scale  mark  and  shaft  scale  centerline  are  not  exactly  aligned  with  each  other.) 

7.  Attach  the  9/16"  socket  wrench  to  the  square  drive  on  the  end  of  the  torque 
wrench . 

8.  l-IiiKOr  lighten  all  six  (6)  stud  bolt  and  nut  assemblies  on  the  trainer  until 
they  are  just  barely  snuK  -  NOT  tjj>lvt. 

9.  Hefore  doing  step  'a'  below,  read  steps  a,  b,  and  c. 

a.  Call  the  instructor  and  he/she  will  go  through  this  procedure  with  you, 
both  ol  you  holding  the  torque  wrench. 

b.  Place  the  socket  of  the  torque  wrench  on  nut  1. 

c.  Holding  the  torque  wrench  as  shown  in  Figure  2  below,  and  using  a  very 
Uow,  v^iry  steady,  smooth  pull,  p.jll  the  handle  toward  you  until  the  wrench 

brc-aks  away."  (it  will  feel  as  though  the  wrench  has  slightly  slipped.)  Do 
NOl  pull  beyond  this  point  because  the  nut  is  now  torqued  to  exactly  200  inch 
pounds. 


c 


Figure  2. 

d.     Remove  the  socket  and  wrench  from  the  nut  that  you  have  just  torqued. 

10.    Ueset  the  torque  wrench  to  a  value  of  175  inch  pounds  (150  on  the  shaft 
Hcali-  plus  25  on  the  vernier  scale).    Torque  nut  2  to  175  inch  pounds. 
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11,  Torquo  the  four  (4)  remaining  bolts  to  the  following  values: 

3  -  120  inch  pounds 

4  -  235  inch  pounds 

5  -  190  inch  pounds 
6-210  inch  pounds 

12,  Loosen  all  six  (6)  nuts  using  the  hinge  handle  and  9/16"  socket  wrench, 

13,  Now  you  should  know  how  to  use  a  torque  wrench.     If  you  don't,  notify  the 
instructor  that  you  wish  to  repeat  the  procedures  in  this  workbook.    When  you 
^.re  ready,  ask  the  instructor  for  the  Progress  Check, 
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Environmental/I'neudraulic  Branch 
Chamiti*  AFli,  Illinois 


SERVICE  TEST 
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TORQUE  WRENCH  PERFORMANCE 


OBJECTIVE 


Using  a  Irainor  and  applicable  tools,  torque  aircraft  type  nuts  according 
to  specif iod  values. 

EQUIPMKNT 

Torque  wrench 

Hinge  handle 

9/16'*  Socket  wrench 

Torque  Wrench  Application  Trainer 

PROCEDURES 

1.  Locati?  the  Torque  Wrench  Application  Trainer. 

2.  Get  a  torque  wrench,  hinge  handle,  and  a  9/16"  socket  wrench  from 
Tool  Locker  #3. 

■J.     Hold  the  torque  wrench  in  your  hand  so  that  you  can  see  the  graduations 
on  till-  grip  and  shaft.     Compare  the  torque  wrench  to  Figure  1  below  and  familiarize 
your.sclf  with  it.s  parts.     (Note:    On  some  torque  wrenches  the  locking  device  is 
located  at  the  bottom  of  the  grip.)    Look  at  th?>  shaft  scale.     It  is  graduated  in 
increments  of  50,   from  lOO  to  750  inch  pounds.     Look  at  the  vernier  scale.     It  is 
graduated  in  increments  of  5,  from  0  to  50  inch  pounds.     By  turning  the  grip  and 
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aligning  one  of  Lhc  vcrnit-r  ,scnle  markings  witli  tho  center  lino,  you  can  get 
any  Lorque  setting  you  want  trom  100  to  750  inch  pounds,  to  the  nearest  5 
inch  pounds. 

4,    Unlock  the  torque  wrench  hand  grip  either  by  sliding  a  locking  ring  to  the 
rear  or  turning  a  locking  device  in  the  direction  of  the  arrow  shown  on  the 
defice.    Ask  Lho  instructor  for  assistance  if  needed. 

^.     Sol  the  torque  wrench  at  200  inch  pounds  by  turning  the  hand  grip  clock- 
wise until   the  'O*  on  the  vernier  scale  is  aliened  with  the  '200*  on  the  shaft 
scale  center  line. 

0.    ••Lock  in"  tlic  torque  wrench  either  by  sliding  a  locking  ring  forward  or 
turning  a  locking  device.     (NOTE:    The  hand  grip  will  NOT  lock  if  the  vernier 
scale  mark  and  shaft  scale  centerline  are  not  exactly  aligned  with  each  other,) 

7.  ALLacli  ihe  9/16**  socket  wrench  to  the  square  drive  on  the  end  of  the  torque 
wreucli . 

3.  l'in^';er  tighten  all  six  (6)  stud  boll  and  nut  assemblies  on  the  trainer  until 
they  are   jusl  barely  snug  -  NOT  tight . 

9.     Before  doing  step  'a*  below,  read  steps  a,  b,  and  c. 

a.  Call  ihe  instructor  and  he/she  will  go  through  this  procedure  with  you, 
both  ol  you  holding  tho  torque  wrench, 

b.  Place  the  socket  of  the  torque  wrench  on  nut  1. 

c.  Holding  the  torque  wrench  as  shown  in  Figure  2  below,  and  using  a  very 
Uow,  very  steady,  smooth  pull,  pull  the  handle  toward  you  until  the  wrench 
"breaks  away."     (ll  will  feel  as  though  the  wrench  has  slightly  slipped,)  Do 
NOT  pull  beyond  this  point  because  the  nut  is  now  torqued  to  exactly  200  inch 
pounds . 


Figure  2. 

d.    R<  ;move  tlie  socket  and  wrench  from  the  nut  that  you  have  just  torqued. 

10.     Reset  lho  torque  wrench  to  a  value  of  175  inch  pounds  (150  on  the  shaft 
Hcale  plus  li'j  on  the  vernier  -,cale).    Torque  nut  2  to  175  inch  pounds. 
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11.  Torque  the  four  (4)  romaiiiing  bolts  to  the  following  values: 

3  -  120  inch  pounds 

4  -  235  inch  pounds 

5  -  190  inch  pounds 
6-210  inch  pounds 

12.  Loosen  all  six  (6)  nuts  using  the  hinge  handle  and  9/16"  socket  wrench. 

13.  Now  you  should  knov;  how  to  use  a  torque  wrench.     If  you  don't,  notify  the 
instructor  that  you  wish  to  repeat  the  procedures  in  this  workbook.    When  you 
are  ready,  ask  the  instructor  for  the  Progress  Check. 
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TORQUE  WRENCH  PERFORMANCE 


OBJECTIVE 


Using  a  trainer  and  applicable  tools,  torque  aircraft  type  nuts  according 
to  specified  values. 


EQUIPMENT 


Torque  wrench 

Hinge  handle 

9/16"  Socket  wrench 

Torque  Wrench  Application  Trainer 

PROCEDURES 

1.  Locate  the  Torque  Wrench  Application  Trainer. 

2.  Get  a  torque  wrench,  hinge  handle,  and  a  9/16*'  socket  wrench  from 
Tool  Locker  #3. 

J.     Hold  the  torque  wrench  in  your  hand  so  that  you  can  see  the  graduations 
on  thf  grip  and  shaft.     Compare  the  torque  wrench  to  Figure  1  below  and  familiarize 
yourself  with  its  pdrts.     (Note:    On  some  torque  wrenches  the  locking  device  is 
located  at  the  bottom  of  tlie  grip.)    Look  at  the  shaft  scale.     It  is  graduated  in 
increments  of  50,  from  100  to  750  inch  pounds.     Look  at  the  vernier  scale.     It  is 
graduated  in  increments  of  5,  from  0  to  50  inch  pounds.     By  turning  the  grip  and 
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aligning  oiu:  of  Liu*  vernier  scale  markings  with  the  contarline,  you  can  get 
any  torque  setting  you  want  from  100  to  750  inch  pounds,  to  the  nearest  5 
inch  pounds* 

4,    Unlock  the  torque  wrench  hand  grip  either  by  sliding  a  locking  ring  to  the 
rear  or  turning  a  locking  device  in  the  direction  of  the  arrow  shown  on  the 
defice.    Ask  the  instructor  for  assistance  if  needed. 

^*    Sat  the  torque  wrench  at  200  inch  pounds  by  turning  the  hand  gr^'p  clock- 
wise until  the  *0*  on  the  vernior  scale  is  aligned  with  the  '200*  on  the  shaft 
scale  centerline. 

0.     "Lock  in'*  the  torque  wrench  either  by  sliding  a  locking  ring  forward  or 
turning  a  locking  device.     (NOTE:    The  hand  grip  will  NOT  lock  if  the  vernier 
scale  mark  and  shaft  scale  centerline  are  not  exactly  aligned  with  each  other •) 

7,  Attach  the  9/16'*  socket  wrench  to  the  square  drive  on  the  end  of  the  torque 
wrencli . 

8,  Kiiij^er  lighten  all  six  (6)  stud  bolt  and  nut  assemblies  on  the  trainer  until 
tlioy  are  just  barely  snug  -  NOT  tight. 

9,  Before  doing  step  *a*  below,  read  steps  a,  b,  and  c. 

a.  Call  the  instructor  and  he/she  will  go  through  this  procedure  with  you, 
both  oi  you  holding  the  torque  wrench, 

b.  Place  the  socket  of  the  torque  wrench  on  nut  1. 

c.  Holding  the  torque  wrench  as  shown  in  Figure  2  below,  and  using  a  very 
» low,  very  steady,  smooth  pull,  pull  the  handle  toward  you  until  the  wrench 
''breaks  away.'*    (it  will  feel  as  though  the  wrench  has  slightly  slipped,)  Do 
NOT  pull  beyond  this  point  because  the  nut  is  now  tovqued  to  exactly  200  inch 
pounds . 


J  .  


Figure  2. 

d.    Romovo  tho  socket  and  wrench  from  the  nut  that  you  have  just  torqued. 

10.    Reset  the  torque  wrench  to  a  value  of  175  inch  pounds  (150  on  the  shaft 
scale  plus  23  on  the  vernier  scale),    Torque  nut  2  to  175  inch  pounds. 

Instructor  Initials 


'  701 


ERIC 


11.    Torquo  the  four  (4)  remaining  bolcs  to  Che  following  values: 


3  -  120  inch  pounds 

4  -  235  inch  pounds 

5  -  190  inch  pounds 
6-210  inch  pounds 


12.  Loosen  all  six  (6)  nuts  using  the  hinge  handle  and  9/16"  socket  wrench. 

13.  Now  you  should  know  how  to  use  a  torque  wrench.     If  you  don't,  notify  the 
instructor  that  you  wish  to  repeat  the  procedures  in  this  workbook.    When  you 
are  ready,  ask  the  instructor  for  the  Progress  Check. 
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OBJECTIVES 


Identify  the  terms  associated  with  aircraft  electrical  wiring  to  80% 
accuracy. 


This  programmed  text  presents  Information  in  small  steps  called 
"Frames."    After  each  frame  you  are  asked  to  respond  to  the  information 
in  some  way.    Read  the  material  and  make  your  response.    Compart  your 
answers  with  the  correct  answers  given  at  th.e  top  of  th^  nnxt  page« 
If  you  find  you  are  incorrect 9  reread  the  frame  to  get  the  correct 
information.    If  you  are  right 9  and  you  understand  .the  infoiMtion 
presented  In  that  frame9  proceed  to  the  next.    This  is  satisfa^  ^0^$ 
however,  jdo  not  skip  ahedd  unless  the  text  directs  you  |:o  do  so* 


Supersedes  3ABR42331-PT-303B9  H  August  1977. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  TTVSA  -  1 
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ERLC 


Frame  1 


Aircraft  electrical  wiring  is  constructed  of  tin-coat^H  ' 

Answer  the  following  question  by  circling  the  correct  answer. 

^'     ?f  electrical  wire  from  a  shutoff  valve 

to  a  circuit  breaker,  what  would  have  to  be  done  to  ^he  ^re? 


a«  Insulated 

b.  Shielded 

c «  Bonded 

d.  Grounded  (if  needed) 

e.  All  of  the  above 
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Answer  to  Frame  1:  !• 
Frame  2 

Shielded  cable  must  be  properly  bonded  and  secured.  In 
each  cable,  many  small  strands  of  wire  are  used  to  form  a 
single  conductor.    These  stranded  cables  are  preferred  rather 
than  a  single  heavy  wire  in  order  to  make  the  finished  cable 
more  flexible.    The  individual  strands  are  twisted  together 
and  then  covered  with  a  suitable  insxilating  material •  Where 
excessive  vibration  takes  place^  flexible  stranded  cable  can 
cause  trouble  when  not  properly  secured. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.      Given  a  choice  between  a  stranded  cable  and  a  single 
heavy  wire,  why  do  maintenance  people  choose  the 
stranded  cable? 

a.  Stronger 

b.  Lighter 

c.  Smaller 

d.  More  flexible 
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Answer  to  Frame  2:     1.  d 


Frame  3 


BOX  recepYacle 


Figure  1*    Common  Connector*. 

Detachable  connectors  (cannon  plugs)  are  used  to  join 
segments  of  electrical  circuits  installed  in  aircraft/  These 
connectors  must  hold  electrical  circuits  securely  without  undue 
voltage  drop,  under  extreme  vibration,  rapid  temperature  changes, 
and  vast  altitude  differences •    A  common  connector  consists  of  a 
plug  assembly  (see  figure  1  for  exaii?>le)  and  a  receptacle  assembly 
that  are  fastened  together  by  a  coupling  nut.    You  must  be  careful 
not  to  cross-thread,  strip,  or  jam  the  nut. 

Answer  the  following  question  by  circling  the  correct  answer. 
1.      What  is  the  purpose  of  a  cannon  plug? 

a.  Connect  insulation 

b.  Ground  electrical  circuits 

c.  Join  segments  of  electrical  circuits 

d.  Bond  electrical  circuits  to  aircraft  structure 
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Answer  to  Frame  3:  £ 
Frame  4 

We  have  covered  sonie  points  in  this  book  than  are  important 
for  you  to  remember.    Therefore,  we  will  quickly  cover  them  again, 

.    Normally,  aircraft  wiring  is  insulated,  shielded,  bonded 
and  grounded  (if  needed)  to  the  aircraft  when  installed. 

.    Stranded  cables  are  preferred  rather  than  a  single  heavy 
wire  in  order  to  make  the  finished  cable  more  flexible. 

.    detachable  connectors  are  used  to  join  segmsnts  of  electrical 
circuits  installed  la  aircraft. 

•    You  mi:5t  be  careful  not  to  cross-thread,  strlp>  or  Jam 
the  coupling  nut  on  a  connector  plug. 

Frame  5 

Shielding  -  Preventing  one  con?>onent  from  affectlxig  another 
through  their  common  electric  or  magnetic  field. 


Figure  2.    Shielded  Multlconductor  Cable* 

Shielded  cable  (figure  2)  has  a  metallic  braid  over  the 
insulation  tp  provide  fi  barrlep  against  electrostatic  Interference. 
To  obtain  satisfactory  resultd  from  shielded  cable,  the  ehleld  must 
be  unbroK^n  and  mi|st  extend  to  a  point  as  near  the  end  of  the 
conductor  as  practicable* 

Answer  the  following  question  by  circling  the  correct  answer. 

1.      What  does  a  shielded  cable  (located  inside  a  pressure 
regulator)  protect  against? 

a.  Heat 

b*  Water 

c*  Shorting 

d.  Electrostatic  interference 
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Answer  to  Frame  5:    1.  £ 

Frame  6 

Grounding  -  The  electrical  connecting  of  wiring  to  a  primary 
structure  (the  main  frame,  fuselage,  and  wing  structury  of  the 
aircraft)  for  the  return  of  current. 

In  the  wiring  of  practical  circuits,  one  side  of  the  voltage 
source  is  usually  grounded.    For  the  120VAC  power  line  in 
residential  wiring,  the  ground  is  actually  earth  ground,  usually 
made  by  connecting  a  wire  to  a  metal  coldwater  pipe.    For  aircraft 
equipment,  the  ground  is  connected  to  a  metal  chassis  (see  figure  3) , 
which  is  used  as  a  comnion  return  for  connections  to  the  voltage 
source. 


WASHER  A 


^^^^^^^ TERMINAL  (LIMIT  TO  4) 


Figure  3.    Grounding  to  Flat  Surface. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.      If  you  need  to  check  a  component  for  28VDG  power,  where 
would  you  ground  the  negative  lead  of  thy  multimeter? 

a.  Earth 

b*  Aircraft  structure 

c.  Metal  cold  water  pipe 

d»  To  the  control  switch 
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Answer  to  Frame  6:  1.  b» 
Frame  7 


Bonding  -  The  electrical  connecting  of  two  or  more  wires 
not  otherwise  adequately  connected. 

th.  =!°"'^^?5  ^!  "^^^  to  connect  wires  (usually  In  bundles)  to 
the  aircraft  structure  for  purposes  other  than  grounding!  The 
wiring  used  on  aircraft  can  be  many  feet  long.    Therefof;  it 
must  be  bonded  in  several  places  to  prevent  ?he  Srl^  from 
breaking  due  to  excess  vibration »    Bonding  also  keeps  wirina 
from  getting  in  the  way  of  other  equipment.  ^ 

Answer  the  following  question  by  circling  the  correct  answer. 

1.     Why  would  your  shop  supervisor  insist  that  you  bond  all 
the  wiring  bundles  that  you  work  on? 

a.  Helps  insulation 

b.  Stops  magnetic  fields 

c.  Protects  pilot  from  electric  shock 

d.  Prevents  wiring  from  breaking  due  to  vibration 
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Answer  to  Frame  7:     !•  d 


Frame  8 

In  this  book  we  have  covered  several  items  that  are  important 
for  you  to  remember*    Therefore,  we  will  review  them  briefly* 

1.  Shielded  cable  provides  a  barrier  against  electrostatic 
interference* 

2.  Aircraft  wiring  is  grounded  to  the  aircraft  structure* 

3.  Long  wira  bundles  must  be  bonded  to  prevent  the  wiring 
from  breaking  due  to  excess  vibration* 

4*     Detachable  connectors  are  used  to  join  segments  of 

electrical  circuits  without  undue  voltage  drops.  The 
most  common  type  of  such  a  connector  is  called  a 
cannon  plug* 

Frame  9 

Wiring  maintenance  is  an  important  part  of  environmental  systems. 
In  some  cases  one  wire  can  prevent  an  aircraft  from  flying*    That  is 
why  it  is  important  for  you  to  retain  your  basic  wiring  maintenance 
knowledge • 
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WIRING  MAINTENANCE 

OBJECTIVES 

Using  a  trainer,  applicable  tools  and  equipment,  solder  wire  to 
connectors  and  install  electrical  wiring  lAW  TO  1~1A-14, 

INSTRUCTIONS 

Tell  the  instructor  that  you  are  ready  to  view  the  two  films  titled 
"Stripping  and  Crimping"  and  "Soldering  and  Soldering  Iron  Preparation." 
After  viewing  the  films,  start  with  the  instructions  in  this  workbook. 

EQUIPMENT 

5/6  Nut  Driver 

Terminal  Lugs 

Wire  Splice  Connections 

Crimping  Tool 

Size  20  Wire  (3  pieces) 

Wire  Stripper 

Diagonal  Cutting  Pliers 

TO  1~U~14 

Soldering  Iron 

Soldering  Iron  Stand 

Rosin  Core  Solder 

Flux 

Wire  Maintenance  Trainer 
Double-Cut  Mill  File 

PROCEDURE 

Note:    Read  the  item  through,  completely,  before  performing 
each  step. 

1.      Stripping  Electrical  Wiring 

a.  Before  an  electrical  wire  can  be  soldered,  it  must  have 
some  of  the  insulation  removed.    Removing  part  of  the  insulation  from 
the  wire  is  called  stripping. 

b.  Stripping  electrical  wires  is  done  with  a  wire  stripper, 
The  type  of  stripper  that  you  will  use  is  a  plier-type  hand  stripper. 


Supersedes  3ABR42331-WB-303B,  23  February  1981,  which  may  be  used  until 
existing  stocks  are  exhausted. 
OPRj    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  ~  1000;    DAV  -  1 
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INSULATION  SUPPORT        BARREL  TONGUE 


RANGE  OF 
WIRE  SIZES 


Figure  1.    Preinsulated  Terminal  Lug  -  Cut-Away. 

c.  In  TO  l-lA-14,  read  paragraph  2-44.    This  paragraph  gives 
the  steps  for  stripping  electrical  wires*    As  you  read  this  paragraph, 
look  at  figure  2-21  which  is  On  the  following  page  in  the  TO. 

d.  Follow  the  steps  in  TO  l-lA-14  to  strip  each  end  of  a 
6-inch  (15cm)  piece  of  wire  3/16  of  an  inch  (.476cm).    When  you  feel 
that  the  wire  is  stripped,  as  shown  in  the  TO,  have  the  instructor 
check  it. 


Note;    If  part  of  the  insulation  still  remains  on  the  wire, 
trim  it  off  with  your  diagonal  pliers. 

2.      Application  and  Use  of  the  Crimping  Tool  and  Wiring  Connectors. 

a.      The  crimping  tool,  figure  2,  is  used  for  connecting 
(crimping)  preinsulated  terminals  (terminals  with  plastic  covered  barrels) , 
in  figure  1,  and  splicing  connectors  to  electrical  wiring. 
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UPPER  NEST 
LOWER  NEST 

INSTRUCTION 
PLATE 


Figure  2.    Crimping  Tool. 
Answer  the  statements  as  true  (T)  or  false  (F) . 


1. 


Preinsulated  terminals  can  be  crimped  with  any  type 
of  crimping  tool. 


er|c 
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b.      Insulated  terminals  and  connectors  are  color  coded  for  the 
size  of  electrical  wiring  with  which  they  are  to  be  used.    The  color  coding 
is  done  by  making  the  insulation  of  each  size  of  terminal  or  connector  a 
different  color.    The  instruction  plate  on  the  crimping  tool,  figure  2, 
shows  the  nest  (jaw  section)  that  is  to  be  used  for  the  size  of  the  wire 
and  color  of  the  terminal  or  connector. 


Answer  the  statements  as  true  (T)  or  false  (F), 


1, 


2. 


The  instruction  plate  of  the  crimping  tool  shows  the 
jaw  section  to  be  used  by  code. 

Color  coded  connectors  show  the  wire  size  that  may  be  used. 


TERMINAL 


TERMINAL 
LOCATOR 


Figure  3,     (Shown  in  the  up  position), 

c.      Figure  3  shows  the  side  of  the  crimping  tool  opposite  the 
instruction  plate  side.     On  this  side  of  the  crimping  tool  is  a  terminal 
locator.    This  locator  is  used  only  when  crimping  a  terminal  lug.  The 
locator  acts  as  a  stop  for  the  lug.    The  locator  can  be  turned  out  of  the 
way.    This  is  done  when  wire  splice  connections  need  to  be  crimped.  The 
terminal  is  moved  in  the  correct  nest  until  the  terminal  barrel  is  against 
the  locator. 


Answer  the  statements  as  true  (T)  or  false  (F), 


1, 
2, 


The  locator  on  the  crimping  tool  is  used  when  crimping 
terminal  lugs. 

The  locator  is  on  the  same  side  of  the  crimping  tool 
as  the  instruction  plate. 


This  crimping  tool  has  self-locking  steps  (rachets). 
Once  you  start  to  close  the  handles,  thfy  will  have  to  be  closed  all 
the  way  before  the  crimping  tool  will  open  again.    The  purpose  of  the 
self-locking  rachet  is  to  give  a  means  for  locking  connectors  in  the 
crimper.    The  wire  can  then  be  put  in  the  barrel  of  the  terminal  lug 
or  splice  connection. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1-   ,   The  crimping  tool  has  a  self-locking  rachet. 

2.    The  crimping  tool  may  be  opened  no  matter  how  far 

the  handles  have  been  closed. 

Note:    Another  type  of  crimper  has  only  one  nest.    The  one 
nest  can  take  all  sizes  of  wire  from  numtar  10  through 
number  26.    This  type  of  crimping  tool  has  a  wire  size 
selector  knob.    Other  than  this  the  two  tools  work  the  same. 

e.      Get  a  crimping  tool.    Operate  it  a  few  times  without  any 
connectors.    Squeeze  the  handles  slowly.    Listen  for  a  click  at  each 
step  of  the  self- locking  ratchet.    Also,  notice  that  the  opening  at 
the  jaws  gets  smaller  at  each  step  of  the  self-locking  ratchet. 

3.  Crimping  Terminal  Lug  Connections 

a.  Open  TO  l-lA-14  to  page  5-9,  read  paragraph  5-14. 

b.  Take  another  piece  of  wire  6  inches  (15cm)  long  and  strip 
one  end  so  that  3/16  of  an  inch  (.476cm)  of  the  wire  is  showing. 

c.  Twist  the  strands  of  wire  so  they  can  be  put  in  the 
terminal  lug  barrel. 

d.  Select  a  terminal  lug.    Put  it,  TONGUE  first  in  the 
proper  nest  of  the  crimping  tool.    This  is  shown  by  the  color  code  on 
the  tool  data  plate.    The  barrel  of  the  terminal  lug  should  be  up 
against  the  locator  stop  of  the  crimping  tool,  figure  3. 

e.  Slowly  squeeze  the  crimping  tool  handles  until  the 
terminal  lug  is  held  in  place. 

Caution:    Do  not  squeeze  so  hard  as  to  dent  the  terminal  lug 
barrel. 

f .  Put  the  stripped  end  of  the  wire  in  the  terminal  lug 
barrel.    Make  sure  the  insulation  of  the  wire  is  flush  against  the 
barrel  of  the  terminal  lug,  see  figure  4. 

g.  Squeeze  the  crimping  tool  handles  closed.    When  the 
handles  are  closed,  the  ratchet  will  release. 
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BARREL 


WIRE 


Figure  A. 


h.  Take  the  criiaped  terminal  lug  from  the  crimping  tool, 

i.  Repeat  steps  a  thru  i  with  the  wire  you  stripped  previously, 
j .  Have  the  instructor  check  your  work. 

A.      Crimping  Wire  Splice  Connections 

a.  Turn  to  page  5-30  in  TO  1-lA-lA  and  read  paragraph  5-53. 

b.  Take  the  wire  that  you  just  crimped  a  lug  to,  and  cut  it 
in  half,  strip  one  end  of  each  wire  about  3/16  of  an  inch  (.A76cm). 


barrels 


c.  Twist  the  strands  of  wire  so  they  can  be  put  in  the 
of  the  splice  connection. 


d. 


Turn  the  locator  stop  down  and  out  of  the  way,  see  figure  5. 


TE.'^MINAL  LOCATOR 
SWUNG  DOWN  OUT  OF  WAY 


Figure  5. 
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e       e.      Select  a  splice  connection.    Put  it  in  the  crimping  tool 
so  that  only  one  side  of  the  splice  will  be  crimped,  see  figure  6.  Be 
sure  that  the  side  of  the  splice  to  be  crimped  is  on  the  conical  die 
side  of  the  locator  groove  in  the  upper  nest. 


SIDE 


Figure  6. 

f •      Put  the  wire  in  the  wire  inside  of  the  splice  connector 
until  it  stops. 

Caution:    Do  not  get  fingers  or  any  objects  caught  in  the  jaws 
of  the  crimping  tool. 

g.  Crimp  the  connection  by  squeezing  the  handles  of  the 
crimping  tool  all  the  way  closed. 

h.  Take  the  wire  splice  connection  from  the  crimping  tool. 
Check  to  make  sure  the  connection  is  tight, 

i.  Have  the  instructor  check  your  work. 

j.      Take  the  splice  that  you  just  made  and  turn  it  around  and 
install  it  in  the  crimping  tool. 

k.      Take  the  other  half  of  the  wire  with  the  terminal  lug 
on  it  and  put  it  in  the  splice  and  crimp  it  down.    Have  the  instructor 
check  your  work. 

5,      Soldering  Electrical  Connections 

a.      To  know  how  to  make  good  electrical  connections  wit.i  solder 
is  important,  because  of  the  many  different  conditions  to  which  an 
aircraft  is  subjected.    The  electrical  connections  must  be  able  to  carry 
electrical  current  with  no  loss  of  current  due  to  leakage  or  resistance. 
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b.  A  detachable  electrical  AN-connector,  figure  7,  has  a 
plug  (male)  and  receptacle  (female)  assembly*    The  two  parts  are 
fastened  together  by  means  of  a  coupling  nut*    You  must  take  care  not 

to  crossthread,  strip,  or  jam  the  nut.  Notice  also,  that  the  pin  contacts 
in  the  AN-connector  have  cups  in  which  a  wire  can  be  place  and  soldered. 

c.  In  TO  1~1A-14,  Section  IX,  page  9-l>  read  paragraph 
9-7  that  defines  soldering. 

MALE  PEMALE 

PIN  P'N 
CONTACT  CONTACT 


PLUG  -  MALE  RECEPTACLE  -  FEMALE 

Figure  7.  AN-Connector. 

d.  Solder  used  for  soldering  electrical  wiring  is  usually 
of  the  40-60  type.    This  means  that  the  solder  has  40%  lead  and  60%  tin. 
Solder  may  be  of  the  core  wire  or  solid  wire  type.    Core  wire  solder  has 
a  core  of  flux,  that  may  be  rosin  or  acid.    Rosin  core  solder  is  always 
used  when  soldering  electrical  connections. 

Note:    Never  use  acid  core  solder,  for  electrical  connections. 
Acid  core  solder  tends  to  cause  corrosion  and  this  will  cause 
a  high  resistance  to  the  flow  of  electrical  current. 

Solid  wire  solder  may  be  used  for  soldering  electrical  connections. 
Wlien  this  type  of  solder  is  used  the  rosin  flux  will  have  to  be  put  on 
the  wire. 

e.  Flux  is  a  chemical  reducer  that  is  used  for  conditioning 
the  surfaces  to  be  soldered.    When  the  surface  is  heated  to  melt  the 
solder,  the  flux  will  melt  before  the  solder.    This  will  help  the  solder 
remove  any  chemical  substance  that  may  cuase  the  solder  not  to  stick  to 
the  metal.    The  rosin  flux  will  also  help  stop  oxidation  when  the  metal 
is  heated. 

f.  Soldering  irons  are  rated  by  wattage.    The  irons  can  be  had 
in  wattagcs  that  range  from  20  to  500  watts.    Soldering  irons  with  wattage 
ratings  of  60,  100,  and  200  watts  are  for  general  use  in  soldering  electrical 
wiring. 
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6.      Procedure  for  Soldering  Electrical  Connections 

a.  Tell  the  instructor  that  you  are  ready  to  use  the  wire 
maintenance  trainer,  see  figure  8* 

b.  Make  sure  the  trainer  is  UNPLUGGED  and  the  circuit  breaker 
is  pulled  OUT. 

AN- CONNECTOR 


LIGHTS 


AN-CONNECTOR 
FIXED    PLUG  MOUNTING 

Figure  8.    Wire  Maintenance  Trainer. 

c.  Just  below  the  circuit  breaker  there  are  four  single  pole 
switches,  marked  A,  B,  C  and  D.    Make  sure  each  switch  is  OPEN. 

d.  To  the  right  of  the  switches  is  an  AN-connector.  Remove 
the  plug  from  the  AN-connector.    Put  the  plug  on  the  fixed  plug  mounting. 

e.  Refer  to  figure  9  and  remove  the  grommet  and  back  nut  from 
the  plug  of  the  AN/ connector. 

Note:    Some  AN-connectors  may  not  have  a  rubber  grommet. 

f .  Take  the  two  wires  that  you  just  prepared  and  set  them 
aside.    You  will  be  soldering  these  wires  to  the  AN~connector  plug. 

g.  Refer  to  Section  1  of  this  workbook  and  strip  one  end  of 
each  wire  one~fourth  of  an  inch  (0.635cm). 
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h.  Prepare  the  soldering  iron  by  following  the  steps  in 
TO  1-LV14,  Section  IX,  paragraph  9-20. 

i.  Tin  the  stripped  end  of  each  wire  by  following  the  steps 
in  TO  l-lA-14,  Section  II,  paragraph  2-54- 

Note:    If  you  need  help,  ask  the  instructor. 


BODY  ASSEMBLY 


6R0MMET 


BACK  NUT 


?igure  9. 

j.      Refer  to  ligure  9  above.    Slide  the  back  nut  about  half 
way  up  the  wires  putting  the  tinned  ends  through  first.    Now  push  the 
tinned  ends  of  the  wires  through  the  grommet  so  that  the  wires  will  line 
up  with  the  pins..  Push  the  grommet  up  the  wires  to  the  point  where  the 
oae  wire  is  spliced. 

k.      Turn  to  Section  IX  of  TO  1-lA-lA  and  read  paragraphs 
9-32  through  9-40. 

1.      Solder  the  tinned  ends  of  the  two  wires  to  any  two  pins  of 
the  AN-connector.    Follow  the  steps  in  paragraphs  9-32  through  9-40  in 
TO  l-lA-14. 

Note:    Have  the  instructor  check  your  work. 
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Disconnect  the  wires  from  the  AN-connector,    You  are  going  to 

solder  the  wires  into  the  AN-connector  so  that  switch   will 

turn  on  light    and  switch   will  turn  on  light  • 

Follow  the  steps  of  paragraphs  9-32  through  9-40  in  TO  l-lA-14, 

n.      Solder  one  wire  to  pin   and  the  other  to  pin  

of  the  AN-connector,    After  the  wires  have  been  soldered  to  the  AN-connector , 
reassemble  the  plug,  see  figure  9.    Push  the  grommet  down  the  wires  to  the 
body  assembly.    Push  the  back  nut  over  the  grommet  and  screw  it  onto  the 
body  assembly.    Now  remove  it  from  the  fixed  plug  mounting  and  connect 
it  to  the  receptacle,  see  figure  8. 

o.      Refer  to  Section  1  of  this  workbook  and  strip  the  wire  end 
that  has  no  terminal  lug.    Now  refer  to  Section  3  of  this  workbook  and 

crimp  a  terminal  lug  to  this  wire.    Take  the  nuts  off  of  terminals   

and  with  the  5/16  nut  driver. 

p.      Connect  the  wire  from  pin  of  the  AN-connector  to 

u^irminal  on  the  terminal  strip.    Connect  the  wire  from  pin  

of  the  AN-connector  to  terminal  on  the  terminal  strip.  Tighten 

the  nuts  on  the  terminals  so  that  they  are  snug. 

Note:    Have  the  instructor  check  your  work. 

q.      Plug  the  trainer  into  the  28V  DC  outlet  and  push  the  trainer 
circuit  breaker  in. 

r.      Clos^.  the  contacts  of  switch  ,  light  should 

illuminate.    Close  the  contacts  of  switch  and  light    should 

come  on.    If  the  lights  do  not  illuminate,  ask  the  instructor  for  assistance. 

s.      Open  the  contacts  of  the  switches  you  closed,  pull  out  the 
trainer  circuit  breaker  and  unplug  the  trainer. 

t.      Remove  the  two  wires  from  terminal  strip. 

u.      Take  t!ie  AN-connector  off  the  AN-receptacle  and  put  it  on 
the  fixed  mounting,  see  figure  8.    Disassemble  the  AN-connector  and  unsolder 
the  wires.    Remove  the  wires  from  the  back  nut  and  grommet  and  reassemble 
the  AN-connector. 

V.      Inform  the  instructor  you  have  completed  this  project. 
The  instructor  will  give  you  further  instructions. 
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OBJECTIVE 


Specify  general  principles  relating  to  the  use  of  general  purpose 
electrical  hardware,    A  minimum  of  8  of  10  must  bo.  correct* 

INSTRUCTIONS 

This  programmed  text  presents  information  in  smal]  steps  called 
"Frames After  each  frame,  you  are  asked  to  respond  to  the  information  in 
some  way.    Read  the  material  and  make  your  response.    Compare  your  answers 
with  the  correct  answers  given  at  the  top  of  the  next  page.     If  you  find  you 
are  incorrect,  reread  the  frame  to  get  the  correct  information.    If  you  are 
right  and  you  understand  the  information  presented  in  that  frame,  proceed  to 
the  next.    This  is  satisfactory;  however,  do  not  skip  ahead  unless  the  text 
directs  you  to  do  so. 
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DISTRIBUTION:    X  \ 

3370  TCHTG/TTGU-P  -  250;  DA\t  -  *1 


Frame  1 


INTRODUCTION 

The  satisfactory  performance  of  present  day  aircraft  depends  to  a  very 
graat  extent  on  the  continuing  reliability  of  its  electrical  system. 
Improperly  or  carelessly  Installed  wiring  can  be  a  source  of  both  immediate 
and  potential  danger,  and  many  malfunctions  and  failures  of  the  electrical 
system  can  be  traced  to  this  cause.    The  performance  of  the  system  depends  / 
on  the  quality  of  the  design  plus  the  workmanship  used  in  making  the 
installation.    The  continued  proper  performance  of  the  system  depend^  on  the 
know-how"  of  the  men  and  women  who  do  the  inspection,  repair,:  and  mainte- 
nance.   So  show  some  pride  in  your  .work  and  ^o  the  very  best. .job; you  c^n  at- 
all  times.    The  defense  of  our  country  depends- on  it.  ' 

No  Response  Required 
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BEST  COPY  AVAILABLE 
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Frame  2 


Aircraft  electrical  wiring  is  constructed  of  tin-coated  copper  or 
aluminum  wire.     In  order  to  make  installation,  maintohance^  and  repair 
easier,  runs  of  electrical  wire  and  cable  in  aircraft  aro  broken  at  specified 
locations  by  junctions  such  asj  coijinectors,  terminal  blocks,  busses,  etc. 
Before  assembly  to  these  junctions,  wires  and  cables  must  be  cut  to  length, 
identified,  stripped,  and  if  required,  tinned  before  being  soldered. 

No  Response  Required 
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BEST  copy  AVAILABLE 


Frame  3 


INSULATION - 

CI  83-5693 
0-lOf 


CONDUCTOR 


INSULATION 


CONDUCTOR 
/ 


N  OUTER  PROTECTIVE 
JACKET 


Figure  1.    Two  Types  of  Stranded  Wires. 


Insulated  Wire,  Figure  1 — For  the  purpose  of  an  electronic  installation 
in  an  aircraft.    An  insulated  wire  consists  of  a  metal  conductor  covered  with 
a  dielectric  or  insulating  material.    Wires  used  in  aircraft  normally  contain 
stranded  conductors  for  flexibility.    Insulation  may  consist  of  several 
materials  and  layers  to  provicjle  dielectric  insulation,  thermal  protection, 
abrasion  resistance,  moisture  resistance,  and  fluid  resistance. 


PROTECTIVE  OUTER 
JACKET 


CI  83-  5694 
0-lOt 


BRAIDED 
CONDUCTOR 


NSULATION 


(SINGLE 
CONDUCTOR) 


WIRE  JACKET 


Figure  2.    Coaxial  Cable. 

Coaxial  Cable,  Figure  2 — A  single  insulated  center  conductor  with  a 
metallic  braided  outer  conductor.    Both  center  and  outer  conductors  are 
capable  of  sending  electrical  signals. 


PROTECTIVE  OUTER 
JACKET 


0-IOf  WIRES 

Figure  3.    Multiconductor  Cable. 

Multiconductor  Cable,  Figure  3 — Two  or  more  insulated  conductors 
contained  in  a  common  covering  or  sometimes  twisted  together  without  a 
common  covering. 
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Frame  3  (Cont'd) 

Answer  the  following  questions. 

1,  Aircraft  wiring  is  usually   for  flexibility, 

a.  single  conductor 

b.  stranded 

c.  thick  braided 

d.  thin  coated 

2,  What  type  of  electrical  conducting  device  has  an  insulated  conductor 
through  which  a  central,  insulated  conductor  runs  with  both  conductors 
being  able  to  send  electricaj.  signals? 

a.  Stranded  wire 

b.  Insulated  wire 

c.  Coaxial  cable 

d.  Multiconductor  cable 
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Answers  to  Frame  3:    1.      b    >    2.  c 

Frame  A 

Shield ing — Prevent ing  one  component  from  affecting  another  through  their 
common  electric  or  magnetic  field • 


METALLIC 
BRAID 


INSULATION 


INSULATION 

CONDUCTOR 


] 


INSULATED 
WIRING 


CI  83-  5702 
0-lOf 


Figure  4.    Shielded  Multiconductor  Cable, 

Shielded  Cable >  Figure  4~Has  a  metallic  braid  over  the  insulation  to 
provide  a  barrier  against  electrostatic  interference.    To  obtain  satisfactory 
results  from  shielded  cable,  the  shield  must  be  unbroken  and  must  ertend  to 
a  point  as  near  the  end  of  the  conductor  as  practicable.    Shielded  cable 
differs  from  coaxial  cable  in  that  it  does  not  use  the  metallic  braid  for 
conducting  purposes. 

Answer  the  following  questions  by  circling  the  correct  answer, 

1,      What  does  a  shielded  cable  (located  around  a  radar  unit)  protect 
against? 

a.  Heat 

b.  Water 

c.  Shorting 

d.  Electrostatic  interference 


730 


Answer  to  Frame  A:  1.  d 
Frame  5 


CI  82-3437 
0-IOr 


TYPICAL  INSULATED 
TERMINAL  LUG 


INSULATED 
ELECTRICAL 
WIRE 


Figure  5.    Typical  Insulated  Terminal  Lug, 


INSULATED 
SPLICE 


TWO  SECTIONS  OF 
CI  83-5692      ELECTRICAL  WIRE  JOINED 
0-IOt  TOGETHER  BY  SPLICE. 


Figure  6.    Insulated  Splice. 


INSULATION  SUPPORT  BARREL 


TONGUE 


CI  82  1073 
0-IOr 


WIRE 
INSULATION 


COLOR-COOED 
INSULATION 


STRIPPED 
WIHE 


RANGE  Of= 
WIRE  SIZES 


Figure  7.     Preinsulated  Terminal  Lug— Cutaway. 

Solderless  Terminal  Lugs  and  Splices.  Figures  5,  6,  and  7— Eleccrical 
wires  terminated  with  solderless  terminal  lugs  to  permit  easy  and  efficient 
connection  td  and  disconnection  from  terminal  boards,  busbars  and  other 
cloctrical  equipment.     Solderless  splices  join  electric  wires  to  form 
permanent  continuous  runs. 
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Frame  5  (Cont'd) 


Answer  the  following  question, 

1,      Name  the  item  that  is  used  to  terminate  electrical  wires  for  ease  of 
maintenance. 

a.      Soldering  cut 
Terminal  lug 

c.  Cannon  plug 

d.  Splice 


Answer  to  Fr;imo         K  b 


Frame  6 

Thermocouples—Used  throughout  the  aircraft  to  detect  and  measure 
temperature  changes.    Thermocouples  are  prefabricated  into  spark  plug 
gaskets,  bayonets  for  insertion  into  oil  sumps,  and  probes  for  use  in 
exhaust  stacks.    These  thermocouples  are  supplied  with  short  leads, 
usually  12  inches  long  and  end  in  terminal  lugs.     The  installation  mechanic 
fabricates  extension  leads  to  carry  voltages  generated  by  the  thermocouple 
to  the  indicating  instruments*    The  components' of  a  thermocouple  system  are 
designed  to  have  a  high  degree  of  accuracy;  correct  installation  by  a  good 
mechanic  will  maintain  this  accuracy. 

Mark  the  following  True  or  False  by  checking  true  statements  with  a  check 
mark  in  the  space. 

  !•      Thermocouples  can  indicate  altitude  changes, 

  2.      The  leads  supplied  with  thermocouples  are  usually  12  inches  in 

length. 

  3,      Thermocouples  normally  have  a  high  decree  of  accuracy, 

  Incorrect  installation  of  a  thermocouple  by  a  mechanic  should 

not  affect  its  accuracy. 
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Answers  to  Frame  6:  !• 


Frame  7 


Contact 
Pin 


Coupling 


STRAIGHT  PLUG 


BOX  RfCtPtACLE 


Figure  8*    Common  Connector, 

Detachable  connectors  (cannon  plugs)  are  used  to  join  segments  of 
electrical  circuits  insftalled  in  aircraft*    These  connectors  must  hold 
electrical  circuits  securely  without  undue  voltage  drop,  under  extreme 
vibration,  rapid  temperature  changes,  and  vast  altitude  differences-  A 
common  connector  consists  of  a  plug  assembly  (see  figure  8  for  example) 
and  a  receptacle  assembly  that  are  fastened  together  by  a  coupling  nut. 
You  must  be  careful  not  to  cross-thread,  strip,  or  jam  the  nut.  These 
connectors  come  manufactured  with  either  the  solder  type  or  crimp  type 
contact  pins.    When  the  solder  type  connectors  are  wired,  a  soldering 
iron  and  solder  are  the  tools  needed  to  do  the  job.    Wiring  the  crimp 
type  requires  the  proper  crimping  tool  and  special  tools  for  inserting 
and  extracting  the  contact  pins. 

Answer  the  following  question  by  circling  the  correct  answer. 
1.      What  is  the  purpose  of  a  cannon  plug? 

a.  Connect  insulation 

b.  Ground  electrical  circuits 

c.  Join  segments  of  electrical  circuits 

d.  Bond  electrical  circuits  to  aircraft  structure 
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Answer  to  Frame  7:  1, 


Frame  8 


Grounding — The  electrical  connecting  of  a  conducting  object  to  a 
primary  structure  (main  frame,  fuselage  structure  and  wing  structure  of 
aircraft)  for  the  return  of  curfentj. 


scf^t  w  OR  BOLT 

AIRCRAFT  STRUCTURE 
(METAL  CHASSIS) 


WASHCR  A 


WASHER  B 

LOCKWASHER 

I  OCKNtJT 


TERMINAI   (LIMIT  TO  4) 


GROUND  WIRE 


WASHER  C 


Figure  9.    Grounding  to  Flat  Surface, 

In  the  wiring  of  practical  circuits,  one  side  of  the  voltage  source 
is  usually  grounded.    For  the  120  VAC  power  line  in  residential  wiring, 
the  ground  is  actually  earth  ground,  usually  made  by  connecting  a  wire 
to  a  metal  cold  water  pipe.    For  aircraft  equipment,  the  ground  is  connected 
to  a  metal  chassis  (see  figure  9)  which  is  used  as  a  common  return  for 
connections  to  the  voltage  source. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.      If  you  need  to  check  a  component  for  28  VDC  power,  where  would  you 
ground  the  negative  lead  of  the  multimeter? 


a.  Earth 

b.  Aircraft  structure 

c.  Metal  cold  water  pipe 

d.  To  the  control  switch 
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Answer  to  Frame  8:    1.  b 


Frame  9 


BONDING  CABLE 


W  V 


7 


'  FRAME 
SUB.ASSEMBLY 


AIRCRAFT 
STRUCTURE 


CI  83-5696 
0-lOt 


Figure  10.  Bonding. 


Bonding,  Figure  10 — The  electrical  connecting  of  two  or  more  conducting 
objects  not  otherwise  adequately  connected. 

Bonding  is  a  system  of  connections  which  insure  that  the  metal  parts 
(structure,  components,  etc.)  of  an  aircraft  form  a  continuous  electrical 
unit,  thus  preventing  the  arcing  of  static  electricity. 

Bonding  connects  the  metal  parts  of  the  aircraft  with  flexible 
conductors  so  that  all  parts  will  have  the  same  voltage  or  potential. 
Where  connection  is  made  by  aluminum  or  copper  jumpers  to  structure  of 
dissimilar  material,  a  washer  of  suitable  material  is  installed  between 
the  dissimilar  materials  so  that  any  corrosion  which  may  occur  will  occur 
in  the  washer,  which  is  expendable,  rather  than  in  the  structure  which 
is  not  expendable. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.      The  metal  parts  of  the  aircraft  are  bonded  together  with  flexible 
conductors  so  that  all  parts  will  have  the 

a.  ability  to  increase  desired  RF  potentials. 

b.  ability  to  increase  a  static  charge. 

c.  same  resistance  or  power  source. 

d.  same  voltage  or  potential. 


Answer  to  Frame  9:    1.  d 
Frame  10 

Because  of  the  large  amount  of  electrical  components  required  on  an 
aircraft,  there  are  a  lot  of  wires  running  everywhere •    If  nothing  was  done 
to  organize  and  secure  these  wires,  their  ability  to  resist  the  elements  and 
ease  of  working  with  them  would  not  be  up  to  acceptable  standards • 


BUNDLE  TIE 


BUNDLE  TIE 

/ 


CI  83-5697 
0-IOf 


Figure  11.    Group  and  Bundle  Ties. 

Tying,  figure  11 — The  secui^ing  togetl'er  of  a  group  or  bundle  of  wires 
with  individual  ties  at  regular  intervals  around  the  group  or  bundle. 


CI  83-5698 
0-IOf 


CONDUIT 


Figure  12.    Single  Cord  Lacing. 


RUBBER  INSULATED 
METAL  CLAMP 


BUNDLE  TIE 


CI  83-5699 
0-IOt 


n  INCH  MAXIMUM  SLACK 


ERIC 


Figure  13.    Slack  Between  Supports 

Lacing^,  Figures  12  and  13 — The  securing  together  of  a  group  or  bundle 
of  wires,  installed  inside  enclosures,  by  means  of  a  continuous  cord  forming 
loops  at  regular  intervals  around  the  group  or  bundle.    Except  for 
enclosures,  wire  groups  or  bundles  should  not  be  laced. 
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Frame  10  (Cont'd) 


CONDUIT 


ERIC 


WIRES 


DRAINAGE  HOLE  1/8"  DIA 
AT  LOWEST  POINT  IN  TUBING. 
MAKE  HOLE  AFTER  INSTALLATION 
IS  COMPLETE  AND  LOWEST  POINT 
IS  FIRMLY  ESTABLISHED. 


CI  83-5700 
0-IOt 

Figure  lA.    Drainage  Hole  in  Low  Point  of  Conduit. 

Conduit,  Figure  lA— A  pipe  or  tube  for  protecting  electrical  wiring. 

Wire  Group — Two  or  more  wires  tied  or  laced  together  to  give  identity 
to  an  individual  system. 

Wire  Bundle — Two  or  more  wires  or  groups  tied  or  laced  together  to 
facilitate  maintenance. 

/ 

Three  other  ways  of  organizing  6nd  securing  wires  are  as  follows: 
(1)  nylon  cable  straps,   (2)  pressure-sensitive  tape,  and  (3)  cable  clamps. 

Quick  Overview 

1.  Aircraft  wiring  is  usually  stranded  for  flexibility. 

2,  Shielded  cable  provides  a  barrier  against  electrbstatic  interference. 


Electrical  wires  are  terminated  with  solderless  terminal  lugs  for  ease 
of  maintenance. 


4.  Thernocoupies  are  used  throughout  the  aircraft  to  detect  and  measure 
temperature  changes. 

5.  Detachable  connectors  are  used  to  join  segments  of  electrical  circuits 
without  undue  voltage  drops.     The  most  common  type  is  the  cannon  plug. 

6.  For  aircraft  equipment,  the  ground  is  connected  to  the  metal  chassis 
which  is  used  as  a  common  return  for  connections  to  the  voltage  source. 

7.  Bonding  connects  the  metal  parts  of  the  aircraft  with  flexible  connectors 
so  that  all  parts  will  have  the  same  voltage  or  potential. 

8.  Tying  and  lacing  are  two  of  the  most  common  types  of  securing  wiring. 
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Frame  11 

Wiring  maintenance  is  an  important  part  of  environmental  systems.  In 
some  cases,  one  wire  can  prevent  an  aircraft  from  flying •    This  is  why  it 
is  very  important  for  you  to  retain  your  basic  wiring  maintenance  knowledge 

response  required 
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OBJECTIVE 


Relate  components  of  the  mojLstijre  separator  to  their  ooeration 
with  80%  accuracy. 

INSTRUCTIONS 
i  i 

This  program  presents  information  in  small  steps  called  "frames." 
After  each  step  you  are  asked  to  select  the  correct  statement,  match 
some  statement,  or  respond  to  th?  information  presented  in  some  other 
way.    Read  the  material  presented  and  make  your  response  on  the  response 
sheet.    DO  NOT  MARK  IN  THIS  TEXT.    Compare  your  responses  with  answers 
at  the  top  of  eve.i  numbered  pages*    If  you  are  wrong,  read  the  frame 
again* 


Supersedes  3ABR42331-PT-304,  5  February  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  350;  DAV  1 
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Frame  1 


An  aircraft  moisture  (water)  separator  in  an  air  conditioning 
system  is  made  to  remove  70  to  85%  of  the  water  from  the  air  that 
is  passed  through  it.    The  water  is  in  the  form  of  a  vapor •  The 
3±ze  and  shape  of  the  separator  is  determined  by  (1)  the  size  of 
the  cabin  in  the  aircraft  (2)  the  amount  of  air  put  out  by  the  air 
conditioning  system,  and  (3)  the  location  of  the  separator  in  the 
system. 

Let  us  consider  the  unit  used  by  a  typical  cargo  aircraft.  This 
unit  is  about  two  feet  long  and  12  inches  in  diameter •    This  cone- 
shaped  unit  has  an  opening  at  both  ends;  one  for  air  IN  and  one  for 
air  OUT.    We  are  mostly  interested  in  how  it  works  inside.  T!.e 
complete  unit  is  shewn  in  the  diagram. 


Answer  the  statements  as  true  (T)  or  false  (F)  . 

1.  All  water  separators  are  the  same  size. 

2.  Size  determines  the  basic  operation  of  a  moisture  separator. 

3.  The  moisture  separator  removes  a  large  percentage  of  the 
water  vapor  from  the  conditioned  air. 
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Correct  Responses  to  Fr^  1:    !•    F,     2.    F,     3.  !• 


Frame  2 

In  the  diagram y  you  can  see  ^he  location  of  the  moisture  separator 
In  the  system.    Note,  all  the  conditioned  air  must  pass  through  the 
separator.    All  aircraft  have  the  separator  located  downstream  of  the 
refrigeration  unit.    You  will  recall  that  cold  air  does  not  hold  as 
much  water  aa  warm  air.    So,  due  to  the  fast  cooling  of  the  air  through 
the  turbine 9  the  water  vapor  In  the  air  will  condense  Into  a  fog. 
This  fog  will  form  water  droplets ,  and  In  some  cases,  snow  or  Ice 
crystals.    We  do  not  want  this  fog,  raln^  snow  or  sleet  to  b^n^^ 
Into  the  cabin.    It  Is  removed  by  the  moisture  separator. 


Complete  the  statements, 

1.  Moisture  separators  are  always   of  the  turbine. 

2.   %  of  the  conditioned  air  passes  through  the  moisture 

separator • 

3.  air  holds  more  water  than  air. 
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Frame  3 

Identification  of  parts  of  a  moisture  separator. 


1. 

Bypass  valve 

8. 

V-bar.d  clamp 

2. 

Seal 

9. 

Shell  assembly  (inlet  end) 

3. 

Springs  (2) 

10. 

Arrow 

4. 

Chain 

11. 

Eliminator  asseidily 

5. 

Support 

12. 

Shell  assembly  (outlet  end) 

6. 

'  Conical  condenser 

13. 

Drain 

7. 

Rubber  0-ring  seals  (2) 

Study  the  illus r.ratlon  until  you  are  able  to  identify  each  part 
from  memory- 

NO  RESPONSE  REQUIRED 
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Correct  Responses  to  Frame  2:    !•    downstream,     2.    100,      3.  warm/cold. 


Correct  Response  to  Frame  3:    None  Required. 
Frame  4 

Grooved  flanges  are  welded  to  both  parts  of  the  shell  assembly, 
where  the  two  shell  halves  Join.    0-ring  seals  are  Installed  in  these 
grooves  to  stop  air  and  water  leakage  during  operation.    The  air  Inlet 
and  outlet  connections  (see  Illustration  In  frame  3)  are  beaded  and 
fastened  to  the  rest  of  the  air  conditioning  ducting  by  rtibber  sleeves* 
The  sleeves  are  held  in  place  by  clamps.   Welded  on  the  side  of  the 
shell  assembly  are  brackets  that  allow  the  entire  assembly  to  be  bolted 
to  the  aircraft.    An  arrow  on  the  shell  shows  which  way  the  air  flows. 
AllKuIng  plnH  on  the  flanges  are  used  to  properly  fit  the  two  halv«H 
of  the  shell  assembly  together. 

Complete  the  statements* 


1. 


The  0-rlng 


prevents  air  and  water  leakage  at  the 


clamp  connection. 


2. 


The  arrow  on  the  shell  assembly  Indicates 


of 


3. 


The  moisture  separator  is  bolted  to  the 


4. 


The  inlet  and  outlet  connections  are  beaded  and  fastened 
to  the  air  conditioning  ducting  by  rubber   
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Frame  5 


The  conical  condenser  fits  snugly  over  the  support.    It  is  held 
in  place  by  a  spring  at  the  small  end  and  a  spring  and  chain  assembly 
at  the  large  end.    As  the  cold  air  comes  off  the  turbine »  the  water 
vapor  condenses  into  a  fog  made  up  of  small  water  droplets.  The 
condenser  will  cause  these  small  droplets  to  condense  into  large 
droplets  (fuse  together) * 


The  air  goes  through  the  condenser  and  hits  the  support.  The 
support  is  louvered  and  will  give  the  air  a  swirling  motion  as  it 
goes  through*    This  swirling  will  caoCa  the  water  droplets  to  be 
thrown  outward  and  against  others »  forming  still  larger  drops.  This 
water  and  <:ir  mixture  then  goes  through  the  eliminator  assembly. 
The  drops  of  water  strike  and  ritn  down  the  vertical  rods  of  the 
eliminator  to  the  bottom  of  the  shell  assembly.    The  water  collects 
here  and  is  drained  overboard. 

Complete  the  statements.  ' 

1.     The  conical  condenser  fits   over  the  support. 


2.     The  conical  condenser  the  water  droplets 


3.  The  conical  condenser  gathers   water  droplets  into 

 water  droplets. 

4.  The  conical  condenser  fits  over  the    . 


5.  The  louvered  support  gives  the  air  a  motion. 

6.  The   assenbly  takes  the  water  out  of  the  air. 
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Correct  Responses  to  Frame  A:  !•  seal,    2.  direction/air  flow, 
3.  aircraft,    4.  sleeves. 

Correct  Responses  to  Frame  5:  1.  snugly,    1.  fuse/ together, 

3.  tiny /larger,    A.  support,  5.  swirling,    6*  condensor  assembly. 

Frame  6 

A  bypass  valve  Is  In  the  small  end  of  the  support  (see  the 
Illustration  In  frame  5) •    This  Is  the  end  of  the  support  that  first 
receives  the  flow  of  air.    This  air,  as  you  will  recall,  comes  from 
the  turbine  end  Is  quite  cold.    The  teiq)eratura  of  the  air  might  even 
drop  below  th«  freezing  point.    If  this  occurs,  the  water  condensed 
by  the  conical  condensor  mlgjht  turn  Into  a  solid  sheet  of  Ice.  The 
Ice  would  cause  tue  flow  of  air  to  stop.    This  is  where  the  bypass 
valve  comes  In.    Since  we  MOST  have  a  flow  of  air  to  the  cabin,  this 
safety  device  was  built  in.    The  bypass  valve  works  like  a  pressure 
relief  valve.    The  bypass  valve  is  held  closed  by  a  spring.    In  this 
closed  position  the  valve  will  force  all  of  the  air  to  flow  through 
the  conical  condensor.    The  air  can  then  rid  Itself  of  moisture.  If 
the  conical  condensor  freezes  over  pressure  will  build  up,  upstream 
of  the  bypass  valve.    When  the  air  pressure  is  more  than  the  pressure 
of  the  bypass  valve  spring,  the  bypass  valve  opens  and  lets  the  air 
pass  through.    But,  this  time  the  air  carries  with  it  any  moisture 
that  Is  generated  from  the  refrigeration  process.    Keep  In  mind,  the 
flow  of  air  to  the  cabin  is  a  MUST,  whether  or  not  it  carries  moisture. 

Complete  the  statements. 

1.  The  bypass  valve  is  installed  in  the  end  of 

the  support. 

2.  The  bypass  valve  Is  held  closed  by  a  , 

3.  Air  flow  to  the  cabin  Is  a 
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Framo 

Identify  each  part  of  the  moisture  noparator.     It   In  tloubL,  y.o 
back  to  Frame  3  and  review. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


Conical  condenser 

Support 

V--band  clamp 

Drain 

Chain 

Springs  (2' 

Shell  assembly  (inlet) 


9. 
10. 
11. 
12. 
13. 


Rubber  0-ring  seals 
Eliminator  assembly 
Seal 

Shell  assembly  (outlet) 

Bypass  valve 

Arrow 


Check  your  responses  for  Frames  6  and  7  on  page  8.    If  you  missed 
any  of  the  questions  in  Frame  7,  check  yourself  by  rereading  the  frame 
containing  the  information  asked  by  the  matching  items.    If  you  need 
help,  ask  your  ins true tor • 
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Correct  Responses  to  Frame  6:    1.    small,     2.    spring,     3.  MUST. 


Correct  Responses  to  Frame  7: 

1.  Bypass  valve 

2 .  Seal 

3.  Springs  (2)  » 

4.  Chain 

5 .  Support 

6.  Conical  condenser  (sock) 

7.  Rbber  0-ring  seals  (2) 


8.  V-band  clamps 

9*  Housing  (inlet  end) 

10 .  Arrow 

11*  Eliminator  asseooibly 

12.  Housing  (outlet  end) 

13.  Drain 
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Environmental  Pneudraullcs  Branch 
Chanute  AFB,  Illinois 

MAINTENANCE       MOISTURE  SEPARATORS 

OBJECTIVES 

Using  a  TO,  applicable  hand tools  and  equipnent,  disassemble, 
inspect,  and  reassemble  a  moisture  separator  with     maximum  of  two 
(2)  instructor  assists. 

Note:    An  instructor  assist  is  defined  as  limited  aid,  such  as 
technical  direction  or  explanation  or  technical  order  interpretation 
given  a  student  who  can  proceed  no  further  on  his/her  own. 

EQUIPMENT 

TO  l-lA-8,  Sections  16  and  18 
TO  15A7-2-11-3 
Moisture  Separator  Assembly 
Rachet  Handle,  3/8"  Drive 
Socket,  3/8"  X  3/8"  Drive 
Duckbill  Pliers 
Side-cutter  Pliers  (Dikes) 
Four  (A")  Common  Screwdriver 
Safety  Wire,  .032  Size,  Steel 
Safety  Goggles 

INSTRUCTIONS 

As  this  workbook  progresses,  you  will  be  directed  to  locate  certain 
items,  follow  directions,  or  do  certain  tasks.    At  all  times  there  will 
be  an  instructor  availwble  to  help  you.    Be  sure  to  ask  him  any  questions 
you  might  have  about  the  process  of  maintaining  this  item.    Get  the 
equipment  you  will  need  at  this  time. 

INFORMATION 

There  are  several  reasons  why  you  need  to  work  on  zYm  moisture 
separator.    During  certain  periodic  and  hourly  inspections  you  will 
need  to  clean  the  conical  condenser.    While  troubleshooting  a  maintenance 
write-up  on  the  air  conditioning  system  you  may  need  to  work  on  the 
moisture  separator.    The  proper  and  timely  maintenance  of  the  moisture 
separator  la  one  of  your  responsibilities. 


Supersedes  3ABRA2331-WB-304,  19  November  1980,  which  may  RGL:  N/A 
be  used  until  existing  stocks  are  exhausted. 

OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  350;  DAV  -  1 


C3ABRA2331-WB~304 
11  February  1983 


Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job, 
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In  thi»  ifoxkbock^  you  will  h%  taught  hoir  to  maintain  and  Inapect 
tha  molatura  aaparator. 

Ulan  you  work  vlth  flbarglaas^  aa  la  thla  condenser  bag,  you  vuat 
wear  protaotlva  clothaa  and  labber  glovaa.    To  sake  the  job  eaaler  for 
you  and  to  aava  tha  Air  Force  Boney,  tha  flbarglaas  bag  has  beer 
replaced  with  a  plastic  bag  here  at  achool*   You  will  not  need  to  wear 
protective  dothee  and  glovea«    Aiao,  you  will  not  vaah  the  baga,  aa 
they  do  not  get  dirty  here  in  school.    If  vaahed  too  ouch  the  baga 
would  deteriorate  faat* 

PROCEOORS 

1*     All  ttalntenanea  aade  on  an  aircraft,  or  a  part  fruia  an  alr^ 
craft  «uat  be  done  to  technical  order  (TO)  specif icatlona.    Open  the 
TO  to  page  1. 

a.  Write  the  part  nui^er  of  each  water  separator  that  this 
TO  will  cover.  ^ 

b.  On  the  moisture  separator  you  ^ave»  find  the  data  plate 
and  list  the  following s 

(1)  Stock  number  ' 

(2)  Part  number      .-_.«..„»^*.«p^-..— — ^— 

(3)  Serial  number  . 

c*     Does  the  part  number  of  the  moisture  separator  match 
one  of  the  parts  nuiiers  listed  on  the  front  page  of  the  TO? 

(Yes)    (No)   

Note  I    If  the  parts  numbers  do  not  match,  you  have  the  wrong 
TO.    If  the  parts  numbers  do  match,  you  have  the  correct  TO. 
You  may  start  with  the  tasks  in  tha  workbook.    If  the  numbers 
did  not  match,  tell  the  Inatructor. 

From  this  point  on>  make  sure  you  read  and  fully  tmderstand  each 
step  before  you  do  the  task>    Watch  how  each  part  comes  off,  as  you 
will  need  to  assemble  it  by  yourself.    If  you  have  questions,  be  sure 
to  ask  the  instructor. 

2.     Use  the  IPB  (figure  3)  of  the  TO  and  the  instructiona  given 
disaasamble  the  moisture  separator  assembly. 

a.  Start  by  removing  the  V-band  damp  (12)  that  holds  the 
halves  together. 

b.  Remove  the  spring  (18)  from  the  small  end  of  the  conical 
condenser  support  assembly  (35). 
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Remove  the  conical  condenser  from  the  support  assembly 
and  lay  It  on  the  bench  In  front  of  ycu* 

Warning:    Safety  goggle9  must  be  worn  vhra  you  work  vltu 
safety  wire* 

d*     Use  the  dikes  to  cut  the  safety  wire  from  the  six 
screws  that  hold  the  bypass  valve  (24)  to  the  support*    Remove  the 
screws  and  the  bypass  valve* 

Note:    Do  not  try  to  disassemble  the  bypass  valve* 

e*      It  Is  now  time  to  Inspect  each  part*    Use  tc.e  Informa- 
tion found  In  the  Inspection  section  (paragraph  4)  of  the  TO  to  make 
a  thorough  Inspection  of  each  part*  LlsT  3  f or  each  area  below. 

Inspection  Flndlng^s 

Drain  (6  -  11) 

Shell  assembly  (15  -  36)   

Bypass  valve  (24)  . 
Threaded  parts  . 
Nonkltted  parts  . 

Note:    A  kitted  part  Is  one  that  comes  In  an  overhaul  or  repair 
kit*    Nonkltted  parts  are  large  parts  that  must  be  ordered 
separately* 

f*     After  you  have  made  the  Inspection^  tell  the  instructor. 

3*      Reassemble  the  moisture  separator* 

a*  Install  the  bypass  valve  on  the  support  assembly,  then 
safety  wire  the  screws*  Have  the  Instructor  inspect  your  safety  wire 
job  before  you  go  to  the  next  step* 

b*      Slide  the  conical  condenser  over  the  support  and  Install 
the  spring  on  the. small  end* 

c*  Install  the  conical  condenser  support  assembly  back  In 
the  Inlet  shell  assembly* 

d*      Use  the  alignment  pin  and  hole  to  be  sure  the  shell 
assemblies  are  aligned*    Be  sure  the  0-rlng  seals  (13)  are  In  the 
grooves* 

e.      Install  the  V-band  clamp  and  tighten  the  nut  with  the 
rachet  wrench. 
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f  •     Saftty-vlrt  tht  V--b«nd  clcap.  ^ 
g*     Have  the  instructor  check  your  work.  1 

5.  In  pert  tiio  of  the  project  you  will  use  en  AFTO  Fom  3A9  |to 
eccount  for  your  limm  end  th^  vork  you  did.    The  instructor  will  i#iue 
the  meteriele  you  need,  1 

6.  After  you  have  finiehed^  eek  the  instructor  to  check  youij 


work* 

Assists:    1.   2. 


IMSTRUCTOF.*S  SIGKATDRE 


I 
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PROGRAMMED  TEXT 


C3ABR42331-PT-305 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


MAINTENANCE  OF  BLI.hu      R  DISTRIBUTION  DUCTING 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  for  ATC  Course  Use. 
Do  Not  Use  on  the  Job. 


10  February  1983 
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OBJECTIVES 


1.  Identify  the  types  of  repairs  that  can  be  made  on  bleed  air 
duct  insulation  with  80%  accuracy. 

2.  Identify  methods  used  to  slow  corrosion  on  bleed  air  ducting 
with  80%  accuracy. 

3.  Relate  types  of  cleaning  agents  and  lubricants  to  their  uses 
with  80%  accuracy. 

INSTRUCTIONS 

This  text  presents  material  in  small  Steps  called  "frames." 
After  each  frame  you  will  find  a  number  of  statements  and  you  are 
asked  to  select  the  true  statement(s)  from  the  list.    The  answers 
to  the  correct  statements  can  be  found  on  the  top  of  the  next  page. 
DO  NOT  MARK  IN  THIS  TEXT.    If  you  select  the  correct  answer,  continue 
to  the  next  frame.    If  you  choose  the  wrong  answer,  correct  yourself 
before  continuing. 

As  you  read  the  text,  ducting  will  be  available  in  the  classroom 
for  your  inspection. 


Supersedes  3ABRA2331~PT-305,-  5  February  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCUTG/TTGU-P  -  350;  DAV  -  1 
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Frame  1 


Let  us  consider  some  of  the  things  that  damage  bleed  air  ducting. 
Two  of  the  main  things  are  vibration  and  people.    Vibration  can  be  kept 
to  a  minimum  by  proper  duct  mounting.    Most  damage  is  caused  by  mechanics 
that  walk  on  or  hit  the  ducting  with  hammers,  screwdrivers,  etc.  These 
careless  actions  dent  and  twist  the  ducting.    The  mechanics  can  also 
caude  damage  to  the  ducting  by  overtightening  clamps,  nuts,  and  bolts. 
If  these  clamps  are  too  tight,  a  duct  can  be  cracked.    If  the  clamps  are 
too  loose,  they  may  leak  and,  in  time,  will  cause  a  hole  to  burn  ir    '  - 
duct  flange. 


Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.  Mechanics  cause  the  most  damage  *-.o  a  duct. 

2.  If  the  clamps  are  too  tight,  they  can  crack  the  duct. 

3.  Nothing  happens  if  clamps  are  not  torqued  properly. 

4.  The  mechanic  should  never  step  on  du  ting. 

5.  If  the  clamps  are  too  loose,  they  could  cause  leaks. 


3 

758 


Answers  to  Frame  1:    1.    T       2.    T       3.    F       4,    T       5,  T 
Frame  2 

Insulation  around  the  ducting  is  used  for  several  reasons.     It  prevent 
the  mechanics  from  burning  themselves,  and  protects  wiring  and  equipment 
near  the  ducting  from  getting  too  hot  and  then  burning.    This  insulation 
is  fireproof,  and  the  cover  is  watertight  and  airtight •    It  is  made  of 
fiberglas  cloth. 

The  cover  of  the  insulation  is  what  you  will  be  repairing  in  the 
field. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.  Insulation  is  used  to  prevent  bums. 

2.  The  insulation  is  made  of  fiberglas  cloth, 

3.  The  insulation  is  not  watertight. 

4.  The  insulation  is  airtight. 

5.  The  cover  of  the  insulation  is  repaired  in  the  field. 
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Answers  to  Frame  2:    1.  ^_T_     2.  3.    Y_     4.    T       5.  T 

Frame  3 

The  three  (3)  types  of  Insulation  repairs  that  can  be  made  are 
cemented,  sewed,  and  spot-welded. 

Let  us  first  talk  of  the  cemented  repairs.    The  same  type  of 
material  that  is  patched  is  also  the  patching  material. 

As  shown  in  the  figure,  be  sure  you  cut  the  patch  for  cementing 
at  least  one  Inch  larger  on  all  sides.    This  allows  the  patch  to  hold 
In  place  when  the  cement  (glue)  is  put  on  the  patch. 


Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.  Cemented,  sewed,  and  epot-welded  are  types  of  insulation  repair. 

2.  Fiberglas  cloth  is  used  to  repair  fiberglas  insulation. 

3.  The  patch  is  smaller  than  the  rip. 

4.  Cement  (glue)  is  used  ;:o  repair  cemented  type  repairs. 

5.  The  patch  is  larger  than  the  rip. 
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Answers  to  Frame  3:    1.  2.  T 

Frame  4 

The  sewed  Insulation  is 
shown  in  the  top  figure.  Fiber- 
glas  thread  is  used  to  fix  this 
type  of  insulation  rip.  A 
curved  needle  is  used  to  make 
a  blind  stitch. 

When  metal  foil  insula- 
tion must  be  fixed,  a  spot 
welder  is  used  as  shown  in 
the  bottom  figure.    A  metal 
foil  patch  is  put  directly 
on  the  metal  foil  Insulation. 

Answer  each  of  the  statements 
as  true  (T)  or  false  (F). 

1.  Fiber glas  thread  and  a 
curved  needle  are  used 
to  sew  the  insulation. 

2.  The  ground  electrode 
must  make  contact  with 
the  patch  while  the 
welding  electrode  is 
being  used. 

3.  The  metal  foil  patch 
must  be  larger  than  the 
rip. 


3.    F       4.    T       5.  T 


TWO  LAYERS  OF 


Sewed  Insulation  Repairs 


Repairing  Metal  Foil  Insulation 
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Answers  to  Frame  4:    1.  _T_     2.    T       3.  T 

Frame  5 

the  floLj  „f        u       J  crease  that  goes  in  the  alrstream  would  disturb 

weaUen^he°dui;°°Ll  fnTieai^fg:  ZTc.^.  "°  '^^^  ^^'^^^^ 

It  is  not  necessary  to  ' 
remember  the  damage  limits,  but 
you  should  remember  it  does  not 
take  much  damage  before  the  duct 
must  be  replaced • 

Answer  each  of  the  statements  as 
true  (T)  or  false  (F) . 

1.  The  tnree  categories  of 

damage  are  wrinkles,   

dents,  and  scratches.  WRINKLES 

2.  Wrinkles  slow  the  airflow 
and  cause  hot  spots. 

3.  A  deep  scratch  will 
weaken  the  duct  wall. 

A.      Scratches  are  likely  to 
cause  ducting  to  leak. 


DENTS 


SCRATCHES  OR  GOUGES 


erIc 
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Answers  to  Frame  5:    1.  2.    T       3.    T       4,  T 

Frame  6 

r.n«^^^7n*''^  ^"f^  ^  ^^"^  ^^^"^^       ^^^P       "^"^  ^^out  ducting  and  its 
I!™«^r.K    f        ^  ''^'^^  ^  screwdriver  make  sure  it  does  not  slip  and 
damage  the  ducting  or  the  Insulation.    When  in  doubt  about  allowable 
damage,  always  check  the  TO.    Also  make  sure  you  use  the  proper  torque 
on  all  clamps  and  bolts.  i-^j-huc 


ill  i?f-II°L^  ^^^^         ^°  replace  ducting,  so  BE  CAREFUL  when 

No  Response  Required 


working  with  it. 


Frame  7 

Corrosion  Control 


Now  let  us  see  what  happens  to  ducting  if  corrosion  sets  in  and 
how  corrosion  can  be  slowed.    Corrosion  in  aluminum  and  its  alloys 
looks  like  a  spot  of  dirty,  dust-like,  white  powder  that  is  on  the 

TnlT  !  "'f*'^^-    '^^^  2^*^^  progressively  worse  as  deterioration 

increases,  and  the  metal  may  weaken  to  the  failure  point.    So.  you 
cSrosioT^        ducting  must  be  inspected  frequently  for  signs  of 

To  slow  up  corrosion,  several  things  can  be  done.    The  metal 

«?Lr  ^^tl      '  wi*^^  a  inetal  that  corrodes 

Slowly.    The  process  used  most  is  tc  coat  the  ducting  vith  a  metal 

1^1?°"°  !^  ^^""^^^    "^^^  «s  anodizing,  aluminum 

cladding,  chrome  plating,  or  copper  plating  to  nane  a  few. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F)  . 

1.  Corrosion  appears  as  a  dust-like  white  powder. 

2.  Corrosion  can  weaken  the  metal. 

3.  Ducting  never  needs  to  be  inspected  for  corrosion. 

4.  Coating  the  metal  with  a  metal  can  be  called  aluminum  cladding. 

5.  Painting  of  the  ducting  slows  down  the  corrosion  process. 
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Answers  to  Frame  7:    1.    T       2.    T       3.    F       4.    T       5.  T 


Frame  8 

Never  miderestimate  the  importance  of  anticorrosion  precautions. 
Any  corrosion  affecting  the  parts  of  an  aircraft  affects  the  safety  of 
an  entire  aircraft. 

No  Response 
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HiASt  MSS  TKf  USAfS 


THE  CORROSION  MENANCE 
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Frame  9 


Cleaning  Agents 

Some  of  the  types  of  cleaning  agents  used  in  the  Air  Force  are 
Stoddard  solvent.  Flash  solvent.  Type  I  solvent,  Type  II  solvent, 
Perchloroethylene,  Tetrachloroethylene,  and  Trichloroethylenc. 

Trichloroethylene  is  used  more  than  the  other  cleaning  agents • 
It  is  used  to  clean  oxygen  parts,  degrease  bearings,  clean  motor 
gear  trains,  etc.    Do  not  try  to  clean  electrical  wiring  with 
trichloroethylene  as  the  wire  insulation  will  deteriorate.  Electrical 
parts  should  be  cleaned  with  a  lint  free  cloth  slightly  moist  with 
cleaning  solvent. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F). 

1.  Stoddard  solvent  is  considered  to  be  a  cleaning  agent, 

2.  Electrical  wiring  may  be  cleaned  with  trichloroethylene. 

3.  Flash  solvent  is  NOT  a  cleaning  agent. 

4.  Type  I  and  Type  II  solvents  are  cleaning  agents. 

WARNING 

If  solvents  are  used  in  a  closed  space,  good  ventilation  must 
be  used  to  keep  the  concentration  of  contaminants  in  the  air  from 
becoming  hazardous  to  health.    The  base  medical  service  will  check 
for  the  correct  protective  measures. 


7G3 
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Answers  to  Frame  9:  1. 


T 


2. 


F 


3. 


F 


4. 


T 


Frame  10 


Lubricants:    When  on  the  flight  line  you  will  use  many  different 
types  of  oil,  grease  and  lubricants.    We  list  a  few  of  them  that  you 
will  use. 

The  first  one  Is  Specification  MIL-L-7645,  Lubricating  Grease. 
This  Is  a  semisolid,  noncorroslve,  mild  extreme  pressure  lubricant. 
It  is  used  for  gears,  screws  and  threaded  parts.    It  is  used  for 
greater  loads  than  petroleum  oils.    The  grease  is  not  an  extreme 
pressure  or  "Hypold"  lubricant. 

Specification  MIL-G-4343,  Grease,  Pneumatic  System  is  used  as 
a  lubricant  between  rubber  and  metal  parts.    It  may  be  used  for 
pneumatic  systems,  pressurized  cabin  bulkhead  grommets  and  other 
.echanisms. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.  Specification  MIL-L-7645  is  a  single-grade  of  aircraft  turbine 
lubricating  oil, 

2.  MIL-G-4343  may  be  used  for  lubricating  grommets  between 
pressurized  cabin  bulkheads. 

3.  MIL-L-7645  is  a  noncorrosive  lubricant, 

4.  MIL-L-7645  is  considered  to  be  very  corrosive. 


Answers  to  Frame  10:  1.  F  2«  T  3*  T  4»  JF 
Frame  11 


Two  of  uhe  most  used  lubricating  oils  are  Specification  MIL-L- 
007808F  and  MIL-L~6085.  Specification  MIL-L-007808F  lists  oils  of  a 
single-grade.  These  oils  are  used  in  turbine  engines  and  helicopter 
transmissions.  Specification  MIL-L-6'^85  lists  oils  that  are  used  in 
aircraft  instruments,  electronic  equipment,  or  where  low  evaporation 
oil  is  required  for  both  high  and  low  temperature  operations*  These 
oils  can  be  used  where  oxidation  and  corrosion  resistance  is  desirable 


Answer  each  of  the  statements  as  true  (T)  or  false  (F) ♦ 


1.  MIL-L-007808F  lubricating  oil  covers  a  single-grade  of  aircraft 
turbine  lubricating  oil. 

2.  MIL-L-007808F  lubricating  oil  is  intended  for  use  in  specific 
turbine  engines  and  helicopter  transmissions. 

3.  MIL-L-6085  is  considered  to  be  a  low  evaporating  lubricating 
oil. 

4.  MIL-L-6085  lubricating  oil  may  not  be  used  where  high  or  low 
temperatures  are  applicable. 

5.  MIL-L-608f;  lubricating  oil  is  not  a  corrosion  resistance  oil. 


755 
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Answers  to  Frame  11:    1.    T       2,    T       3,    T       A,  5. 


Frame  12 

Keep  in  mind,  these  are  not  all  of  the  lubricants  that  are  used  in 
the  Air  Force,    When  you  need  any  lubricant  for  repair  jobs,  refer  to 
a  technical  order  for  the  correct  specification. 

No  Response  Required 
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OBJECTIVE 

Relate  types  of  cleaning  agents  and  lubricants  to  their  u,^es  answering 
a  minimum  of  4  of  5  questions  correctly* 

Note:    If  there  is  an  asterisk  (*)  next  to  a  word  you  are  to  go  t*-  the 
GLOSSARY  OF  TKRMS  tn  the  hack  of  this  PT,     It  will  help  you  in 
understanding  some  of  the  words  used  in  this  PT. 

INFORMATION 

The  answers  to  the  frame>;  nre  located  in  tlui  back  of  this  PT, 

This  PT  is  made  up  of  two  parts.    Part  I  applies  to  cleaning  agents, 
types  of  soils,  and  solvents.     Part  II  applies  to  lubricants/oils  and 
greases. 


OPR:  3370  TCHTG 
OrSTKIBUTlON:  X 

3370  TCHTG/n'GU-P  ~  250;  DAV  -  1 
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CLEANING  AGENTS  AND  LUBRICANTS 

Frame  1 

ProDer  operation  of  aircraft  systems  depends  on  the  parts  being 
cleaned  a^d  having  the  proper  lubrication.    Serious  ^am^f  -"^^^^ 
the  wrong  type  of  lubricant/oil  is  used  in  a  system.    1^%^/^";^ °' 
ITrt^  and  their  internal  operation  is  also  a  critical  factor.    If  parts  ar« 
^tnr^  .ot  dlrtv    they  will  not  function  in  the  way  they  were  designee. 

:ly  hafe  ex  sivl  wLr  and  finally  fail  altogether  Therefore  we 
lus't  Tearn  to  Identify  the  proper  cleaning  a,ents  and  lubricants  used  xn 
the  performance  of  our  duties. 

I^t  us  begin  our  discussion  with  cleaning  agents. 

////////// 
NO  RESPONSE  REQUIRED 


ER?C 


3  769 


PART  T 


CLKANINC  Af.llNTS 

Kraim*  7 

Cleaning  is  a  broad  term  <'<>verlng  methods  and  matv-^rials  rM:<>ded  to 
remove  the  soils  from  a  surface*  Selection  of  an  appropriate  cleaning 
method  in  any  given  case  will  depend  cn  three  Important  factors: 

U      Type  and  amount  of  soil 

1.      What  the  Item  Is  made  of  and  what  the  surface  is  like 
3»      Just  how  clean  it  nuisr  be 

Proper  cleaning  will  extend  service  life,  increase  reliability, 
provide  a  greater  margin  of  safety,  decrease  the  overall  operation  and 
maintenance  cost,  and  maintain  the  appearance  of  the  equipment • 

////////// 

Fill  in  the  blanks: 

Selection  of  an  appropriate  cleaning  metliod  in  any  given  case  will 
depend  on  three  important  factors: 


3* 
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TYPES  OF  SOILS 


Frame  3 

Soils  that  ccllect  on  a  surface  may  be  placed  in  three  classes:  . 

#  Oily  soils 

#  Semi-solid  soils 

#  Soils  containing  solids 

We  will  bej*Ln  our  lesson  with  oily  soils. 
Oily  Soils 

(Examples:    hydraulic  fluid,  lubricating  oil,  light  oil,  soft  films 
of  Corrosion  preventing  compound,  etc,)    When  present  as  thin  films  or 
small  residues,  and  when  not  very  ^viscous  in  nature,  these  soils  may  be 
removt^d  by  *alkalino  cleaners.    On  more  stubborn  areas,  solvent  specification 
P-D-680,  Type  II  may  be  used,    (Cleaners  and  solvents  will  be  discussed 
later  In  this  text,)    Usually,  the  longer  a  soil  remains  on  a  surface  and 
the  higher  the  temperature,  the  more  difficult  the  soil  is  to  remove.  A 
great  deal  of  trouble  can  be  prevented  by  cleaning  off  soil  as  soon  as 
possible , 

////////// 

1.      Name  three  classes  of  soils: 

a,   


b. 


2.      Answer  the  statement  as  true  (T)  or  false  (F) , 

Usually,  the  longer  a  soil  remains  on  a  surface,  the  lower  the 
temperature,  the  more  difficult  the  soil  is  to  remove,   


5 
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SEMI-SOLID  SOILS 


Frame  4 

(Examples:  viscous  oils,  greases,  hard  film  corrosion' preventing 
compound,  etc)  These  soils  are  usually  removed  with  either  alkaline, 
or  solvent  emulsion  cleaners.  Heavy  deposits  of  this  type  are  usually 
best  removed  by  using  a  solvent  first,  then  applying  an  alkaline  cleaner* 

////////// 

Answer  each  of  the  statements  as  true  (T)  or  false  (F), 

I.  Semi-solid  soils  are  usually  removed  with  either  alkaline  vOr 
P~D-680,  Type  II,   


2.      Heavy  deposits  of  this  type  are  usually  best  removed  with  soap 
and  water. 
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SOILS  CONTAINING  SOLIDS 


Frame  5 

(Examples:    mud,  carbonized  oils,  corrosion  products  (*scale)  etc.) 
These  soils  are  usually  the  most  difficult  to  remove.    Removal  of  these 
soils  usually  takes  a  combination  of  solvent  soaking,  alkaline  pressure 
spray,  and  scrubbing  (mechanical  agitation  and,  in  the  case  of  corrosion 
products,  acid  pickling).    As  mentioned  before,  old  soils  increase  the 
difficulty  of  removal. 

////////// 

Fill  In  the  blanks: 

Soils  containing  solids  are  usually  the  most  to 

 -    Aging  soils  the  difficulty  of   


7 
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TYPES  OF  CLEANING  AGENTS 

Frame  6 

Before  using  any  type  of  cleaning  agent.  COMI^  A^|2£MAIi 
TECHNICAL  ORDER  for  the  correct  procedure  and  agent  to  use  wnen 
cleaning. 

T^ere  are  many  different  types  of  cleaning  f  J^,;",'' 
discuss  four  of  them.    We  will  start  our  discussion  with  alkaline 

c  leaner?. . 

Alkal  Ine  Cleaners 

This  type  of  cleaner  removes  a  soil  by  lifting  it  from  s^^f^"' 
.nerZLX  tho  soil  from  the  surface    it  -rrxed  in  the  body 

of  the  cleaner;  it  ray  sc^parate,  or  in  the  case  of  ^^"y       ^^'^J^  ""^^ 
react  partially  or  completely  with  the  cleaner  and  dissolve  the 
at^uSe  solution.    Cleaners  of  this  type  usually  have  *constituents  that 
aid  in  the  lifting  of  soils  from  a  surface,  then  breaking  them  up. 

////////// 

Answer  the  statement  true  (T)  or  false  (F). 

Cleaners  of  this  type  usually  have  components  that  aid  in  lifting 
soils  from  a  surface.   
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Frame  / 


Solvents 

This  typo  of  cleaner  removes  a  soil  by  dissolving  the  oily 
constituent  of  tho  soil,  thus  resulting  In  the  solution  leaving  a 
thin  film  or  residue  of  an  oily  nature.     Removal  of   this  oily 
film  or  residue  is  aecompllslied  by  using  an  alkaline  cleaner. 

The  two  most  common  solvents  you  will  come  In  contact  with  as 
an  environmental  systems  mechanic  are: 

•  Specification  P-U-680,  Type  II 

•  *Trichloroethylene 

We  will  discuss  each  of  these  separately. 

////////// 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.      Solvents  remove  a  soil  by  dissolving  the  oily  constituents 
of  the  soil.  

2       Tvo  most  common  alkaline  cleaners  you  will  come  in  contact 
with  are  specification  P-D-680,  Type  II,  and  trlchloroethylene.   
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Frame  8 


Specification  P-D-680,  Type  IT 

Specifications  P-D-680,  Type  II,  Is  very  flammable  and  has  a  flash 
point  of  138»F.     It  must  NOT  be  used  around  flames  or  smokxng  areas  . 
U    S  used  to  clean  cab in-^es sure  regulators,  except  tne  bellows 
lLemb?y      It  is  also  used  when  cleaning  components  and  lines  after 
the  firing  or  *C»  and  *DB  fire  extinguishers. 


WARNING 


Even  though  P-D-680.  Type  II.  is  a  ^^^^^^ff  ^t^^'^^^'^^/'^" 
a  few  things  you  must  know.    Adequate  ventilation  MUST  be 
provided  when  using  this  type  of  cleaning  solvent.    Also,  , 
avoid  prolonged  breathing  of  vapors  and  minimize  skin 
contact . 

Tl,e  effects  of  being  over-exposed  to  P-D-680.  Type  IT    solvent  can 
be  ve^  ha  mfu    to  different  parts  of  the  body.    If  the  solvent  comes  in 
contact  with  the  eyes,  It  will  cause  irritation,  redness  and  tearing. 
?hc  prolonged  breathing  of  vapors  can  cause  dizziness,  *asphyxiation, 
nasaf^id^Ksplratory  Lrltatlon    and  *pneumonitis^    Repeated  sUiu 
contact  will  cause  irritation.  *defattlng  and  *dermatitis. 

All  these  effects  can  be  prevented  by  using  P'^otective  clothing 
eve  --oaglls!  and  an  approved  self-contained  breathing  aid.  prolonged 
expofurf  ls  required,  and  sufficient  ventilation  is  not  available. 

////////// 

Fill  in  the  blanks: 

I       The  effects  of  overexposure  to  P-D-680.  Type  II.  solvent  can 

be  very  _______  ^°  different  parts  of  the  • 

2.      If  the  solvent  comes  in  contact  wllb  the  eyes,  it  will  cause 

and   • 


3.      Repeated  skin  contact  will  cause 
and   • 
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Frame  9 


Trlchloroethylene 

(Tri-chlo-roe-thy-leno),  trichloroethylene  is  another  type  of 
solvent  you  might  use  as  an  environmental  systems  mechanic.    It  is 
useHo  clean  oxygen  p..rts,  dcgrease  bearings,  clean  motor  gear  trains, 
etc.    Do  not  try  to  clean  electrical  wiring  with  trichloroethylene  as 
the  wire  insulation  will  deteriorate. 


WARNIN 


i 


This  is  a  vttry  dangerous  solvent  that  could  bu  hazardous 
to  your  health  If  not  properly  usiid .    Adequate  ventilation 
must  bi  provided  and  protective  clothing  worn  when  working 
wltli  this  solvent. 

The  reason  this  solvent  Is  so  harmful  is  because  it  will  attack  the 
*resplratory  system,  heart,  liver,  kidneys,  central  nervous  system,  and 
skin!    It  can  get  Into  your  system  by  inhalation,  absorption  through  the 
skin,  and  eye  contact. 

overexposure  to  trichloroethylene  will  cause  irritation  of  the  nose 
and  throat    irregular  heart  b^at,  *vortigo,  tremors,  nausea,  sleepiness, 
and  U  is  a  suspLted  cancer-causing  agent.    Repeated  contact  with  the 
skin  will  cause  dermatitis. 

All  these  effects  can  be  prevented  by  using  protective  clothing, 
eye  goggles,  having  proper  ventilation,  and  washing  with  soap 
immediately  after  getting  It  on  your  skin. 

////////// 
NO  RESPONSE  REQUIRED 
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Frame  10 


SolvcMTt  f^mnlHton  Cleaners 

ThiH  type  or  clea.uT  removes  a  soil  by  *emul  si  f  y  1  n,;  the  oil 
cM>nHtU«.ntH  of  tl...  soil  nnd  holding  il  In  *suspensl..n   In  water. 

////////// 
NO  RESPONSE  REQUIUED 
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Frame  11 

Special  Clcmers 

Thosu  are  cleaners  such  ns  steam  and  carbon  removers.     They  are 
used  to  decrease  certain  types  of  equlpmonr, 

////////// 
NO  RESPONSE  REQUIRED 
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PART  II 


Frame  12 


Now  we  will  discuss  the  second  half  of  this  programmed  text,  which 
is  lubricants/oils. 

Lubrication  of  most  parts  in  a  system  is  done  during  scheduled 
Inspections  or  when  a  new  part  is  installed.    ALWAYS  CONSULT  THE 
APPROPRIATE  TECHNICAL  ORDER  FOR  SERVICING  INSTRUCTIONS  AND  TYPE  OF 
LUBRICANT  TO  USE.    Lubrl.-ants  used  in  one  part  may  bo  different  in 
another  kind  of  aircraft  than  the  same  part  usc:d  in  anofier.  Periodic 
oil  Change  Intervals  must  be  complied  with  to  Insure  proper  lubrication, 
thus,  prolonging  the  life  of  the  part.    Dirty  oil  contributes  to  an 
early  failure. 


You  must  remember  to  CHECK 


Hie  shop  chief  must  Insure  that  newly  received  oil  or  lubricants 
for  coolinj-.  turbines,  air  turbine  motors,  alternator  drives,  and 
starters  are  of  the  correct  specification, 
THE  TO  for  the  proper  lubricant. 

////////// 


Ana'ver  the  lollowing  statements  as  true  (T)  or  false  (F). 

1.  Lubrication  of  most  system  parts  is  done  during  scheduled 
inspections.   

2.  Dirty  oil  contributes  to  an  early  failure.   
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TYPES  OF  LUliRf  CANTS 


Frame  13 

The  first  type  of  lubricant  we  will  discuss  is  specification 
MIL-L-7645.    Note:    The  MIL-L-  in  this  and  other  specification 
numbers  Indicates  a  MILitary  Lubricant.    MIL-L-7645  is  a  semi-solid, 
noncorrosive,  mild  pressure  lubricant.     It  is  used  for  gears,  screws 
and  threaded  parts,    MTl,-L-7645  is  not  an  extreme  pressure  or 
*hypoid  lubricant. 

////////// 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 
1.      MIL-L-7645  is  a  noncorrosive  lubricant. 


2.      MlL-L-7645  is  a  single-grade  aircraft  turbine  lubricating 

oil  . 
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Frame  14 

Specification  MIL-G-4343 

Specification  MIL-G-4343  is  a  grease  used  to  lubricate  between 
rudder  and  metal  parts  on  pneumatic  systems.     It  may  be  used  for  pneumatic 
systems,  pressurized  cabin  bulkhead  grommets  and  other  mechanisms. 

////////// 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1.  MIL-G-4343  may  be  used  for  lubricating  grommets  between 
pressurized  cabin  bulkheads.   

2.  MIL-G-4343  is  a  single-grade  of  aircraft  turbine  grease. 
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Specthlcatlon  MTl.-L-OOySOBF 

Specification  MIL-L-007808F  lubricating  oil  is  one  of  the  most 
used.     It  lists  oils  of  a  single  grade  •    These  oils  are  used  in 
turbine  engines  and  helicopter  transmissions • 

////////// 

Answer  each  of  the  statemtMits  as  true  (T)  or  false  (F), 

1.  MIIM>-007808F  lubricating  oil  covers  a  single  grade  of 
aircraft  turbine  lubricating  oil,   

2,  MIL~L~007808F  lubricating  oil  is  intended  for  aircraft 
instruments,   
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Specification  MIL-L-6085 

Specification  MIL--L-6085  is  another  one  of  the  most  used  lubricating 
oils.     It  lists  oils  that  are  used  in  aircraft  instruments,  electronic 
instruments,  electronic  equipment,  or  where  a  low  evaporation  oil  is 
required  for  both  high  and  low  temperature  operations.    These  oils  can 
be  used  where  *oxidation  and  corrosion  resistance  is  desirable. 

////////// 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) • 

1.      MIL-L-6085  is  considered  to  be  a  low  evaporating  lubricant. 


2.      MIL-L-6085  lubricating  oil  may  not  be  used  where  high  or  low 
temperatures  are  applicable.   


MIL-L-6()85  lubricating  oil  is  not  a  corrosion  resistance  oil. 
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KtM»p  In  inlrnl,   thcs*-  am  not  all   riu*  lubr  icanlK/oi  I  s  and  j'.rea 
tiMt  are  us<*d  In  the  Air  Korco.    Wlien  you  uoed  any  lubricant  or 
gri'ane  for  repair  jobs,  REPEK  TO  A  TECHNICAL  ORDER  for  correct 
specification. 

////////// 
NO  RESPONSE  REQUIRED 


19785 


CLOSSAKY  OK  TKKMS 


ALKALINK 
ASPHYXIATION 

CB 

( ch lo  ro-bro-mo-me- thane) 

CONSTITUENT 
DEFATTING 

DERMATITIS 
DB 

(d 1 - h  r  o-mo-d 1 f  Lu  o r o- 
me-tluino) 

E:>IULSIFYlNi; 

HYPO  1 1) 

OXIDATION 

PNEUMONITIS 

RESPIRATORY 

SCALE 

SUSPENSION 
TRmOKS 

TRTCHLOROETHYLENE 
VKKTKX) 


To  cause  to  die  or  lose  consciousness  by  blocking 
normal  breathing 

A  fire  extinguishing',  agent  which  produces  a  gas 
dense  enough  to  displace  most  of  the  oxygen  in 
the  area 

Properties  (parts)  of  a  component  or  a  thing 

Affects  all  the  fat  tissue  in  the  body,  reducing 
fat  tissue  to  a  dangerous  level 

inflammation  of  the  skin 

A  fire  extinguishing  agent,  which  displaces  most 
of  the  oxygen  in  the  area,    'ilne  vapors  are  more 
toxic  (poisonous)  than  CB, 

Suspension  of  very  fine  particles  of  a  liquid  in 
another  liquid,  separating  parts  of  a  substance 
in  a  1  iqiiid 


Pertaining  to  breathing 
A  hard  or  brittle  coating 

The  particles  of  a  substance  are  mixed  with  a 
fhud  but  are  not  dissolvftd 


Disorder  red  conditlDU  In  which  a  person  feels  that 
his/her  surround  inj',s  are  whirling  about .  (turning/ 
d  izzy) , 


VISCOUS 


Sticky,  thiek,  adhesive 
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ANSWERS  TO  FRAME  QUESTIONS 


Frame  1 :  No  Response 
Franio  2:  I. 


Frame  3: 


2 . 


Type  ami  amount  of  soil 
baso  mat(^rlal  (Composition  and  siirfaro  condition 
dogreo  of  (Moatiiiness  required 


n  • 

c  ♦ 

F 


oily  so  i Is 

scMni-sol  id  so  lis 

soils  r.onta  ininj',  solids 


Frame  4: 


Frame  5: 


Frame 
Frame 


Frame  8: 


Frame 
Frame 
Frame 
Frame 


10: 
II: 
12: 


Frame  13: 


Frame  14: 


1  . 
2- 

I. 
2. 


U 
2. 

U 

3. 

No 
No 
No 

I 

2 

1 

2 

I 

2 


F/ame  15:  1 

2 


Frame  1 6 : 


F 
F 

dif Eicult  to  remove 
increase ,  removal 


T 
F 


harmful  »  body  >^  . 

irri tat  Lon ,  redness ,  tearing  . 

Irrita  t Ion ,  de fat  ting,  dermatitis 

Response 

Response 

Response 


F 
T 

T 

F 

T 
F 

T 
F 

T 
F 
F 


Frame  17:  No  Response 
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OBJECTIVE 

Identify  methods  used  to  slow  corrosion  on  bleed  air  ducting,  answering 
a  minimum  of  four  of  five  questions  correctly. 

Note:    If  there  is  an  asterisk  (*)  next  to  a  word,  you  are  to  go 
to  the  GLOSSARY  OF  TERMS  in  the  back  of  this  PT.     It  will  help 
you  in  understanding  some  of  the  words  used  in  this  PT. 

INSTRUCTIONS 

Compare  your  answers  with  the  correct  answers  given  at  the  back  of  the 
programmed  text.    If  you  find  you  are  incorrect,  reread  the  frame  to  get 
the  correct  information. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTC/TTGU-P  -  ?.50;  DAV  -  1 


Frame  1 


Corrosion  control  is  of  major  importance  in  all  aircraft  and  missile 
maintenance.    Corrosion  can  weaken  structural  members  enough  to  destroy 
system  reliability.    This  weakening  can  result  in  a  major  repair  or 
replacement  of  the  entire  system.    Such  repairs  and  replacements  are  costly 
and  time  consuming.    Much  of  this  waste  is  a  result  of  a  ""ack  of  knowledge 
on  the  subject  of  corrosion  control.    But  before  we  can  ^  Jerstand  methods 
of  controlling  corrosion,  we  must  iacrn  what  corrosion  is  and  some  of  the 
types  of  corrosion. 


THE  CORROSION  MCIACE 


No  Kespcnse  I.ec-ini 


ho 


Frame  2 


Corrosion  is  the  deterioration  of  a  metal  as  it  reacts  to  its  Pnv^rn«n,.  . 

lit  t^efunde?  '      f "T"  descriptive  purposes,  we  will  discuss 

the  types  under  their  commonly  accepted  titles:    Uniform  etch,  nittine 
mtergranular.  galvanic,  stress,  fatigue  and  filiform.  ^  ^' 

Answer  each  of  the  statements  as  true  (T)  or  false  (F). 

_        1.      Corrosion  is  not  visible  in  metals. 

  2.      Corrosion  is  the  deterioration  of  a  metal  as  it  reacts  to  its 

environment.  o  «-«  xui, 

  3.     Metal  corrodes  because  it  attempts  to  return  to  its  natural 

state. 
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Frame  3 


Uniform  Etch  Corrosion: 

Uniform  Etch*  corrosion  results  from  a  direct  chemical  attack  on  a 
metal  surface.    These  chemicals  may  be  salts  deposited  from  coastal 
operations,  urine  spray,  battery  acid  spillage,  or  gases  absorbed  from 
the  environment.    On  a  polished  surface,  uniform  etch  is  first  seen  as  a 
general  dulling  of  the  surface.    If  this  corrosion  is  allowed  to  continue, 
the  surface  becomes  roup.h  and  sometimes  frosted  in  appearance. 

Uniform  Etch  may  be  treated  by  both  mechanical  and  chemical 


methods.* 


Warning 


Before  treating  any  type  of  corrosion,  consult  the 
appropriate  technical  order. 


Fill  in  the  blanks  with  the  correct  answer. 


1. 


On  a  polished  surface,  uniform  etch  is  first  seen  as  a 


of  the 


2. 


If  this  corrosion  is  allowed  to  continue,  the 


becomes 


and 


in  appearance. 


*See  Glossary  of  Terms  in  back  of  book. 
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Frame  A 

Pitting  Corrosion: 


LOCATION  OF  CORROSION  PITS 


VIEW  LOOKING  Dt)WN 


VIEW  IN  TRUE  PERSPECTIVE 


CROSS-SECTION  VIEW 

CI  83-5630 

0-10i2 

Figure  1.    Pitting  Corrosion. 

Though  some  factors  influence  the  uniform  destruction  of  metal  surfaces 
See^f igurfr  ^''^^"^''''^  ^  localized  attack  commonly  called  pitting  corrosion. 

Pitting  is  the  most  common  effect  of  cortosion  on  aluminum  and  magnesium 
alloi[_  parts.    It  is  first  noticed  as  a  white  or  gray  powdery  deposit,  similar 
to  dust,  which  blotches  the  metal  surface.    When  the  deposit  is  cleaned  away, 
tiny  pits  or  holes  can  be  seen  in  the  surface.    Pitting  corrosion  may  also 
occur  in  other  types  of  metal  alloys,  such  as  iron.    The  only  difference  is 
that  iron  produces  red  and  brown  powdery  deposits. 
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Frame  4  (cont'd) 

Pitting  corrosion  may  be  treated  by  applying  a  chromic  acid  solution- 
Fill  in  the  blanks  with  the  correct  response- 

] •     A  pitting  corrosion  of  aluminum  or  magnesium  is  first  noticed  as 

 • —   powdery  deposits  that  blotches 

the 


2.      The  pitting  of  iron  produces  and 

deposits. 
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Frame  5 


Intergranular  Corrosion: 

Intergranular*  corrosion  is  a  selective  attack  along  the  grain  boundaries 
of  a  metal-    A  highly  magnified  cross  section  of  an  alloyed  metal  shows  the 
granular  structure  of  that  metal-    This  structure  consists  of  quantities  of 
individual  grains.    Each  of  these  tiny  grains  has  a  clearly  defined  boundary 
that  differs  chemically  from  the  metal  within  the  grain  center. 


CI  83-5631 

0-10i2 


Figure  2-    Intergranular  Corrosion. 

Intergranular  corrosion,  shown  in  figure  2,  is  caused  by  the  precipita- 
tion of  alloying  elements  out  of  the  grain  and  into  or  near  the  grain 
boundary.    The  grain,  losing  its  alloying  elements,  becomes  anodic*  to  the 
surrounding  grains-    In  the  presence  of  an  electrolyte*,  current  flows  and 
rapid  intergranular  corrosion  occurs.     In  other  words,  intergranular 
corrosion  will  cause  the  metal  structure  to  break  down  and  crack-    It  can  be 
treated  by  the  mechanical  method.* 

*See  Glossary  of  Terms 

Answer  each  of  the  statements  as  true  (T)  or  false  (F)- 

.   Intergranular  corrosion  is  a  selective  attack  along  the  grain 

boundaries  of  a  metal. 

  2,      The  grain,  gaining  its  alloying  elements,  becomes  anodic  to  the 

surrounding  grains- 
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Galvanic  Corrosion: 


Frame  6 


ELECTROLYTE 


CI  83-5632  BRASS  BOLT  ALUMINUM 

0-10i2 


Figure  3.    Galvanic  Corrosion. 

CaJvanicA  corrosion  occurs  when  two  dissimilar  metals  are  in  contact 
nnci  an  external  circuit  is  provided  by  the  presence  of  moisture  (electrolyte) 
it  iri  usually  recognized  by  the  presence  of  a  buildup  of  corrosion  between 
the  metals.    A  prime  example  is  a  brass  screw  or  bolt  attached  to  an  aluminum 
panel  shown  in  figure  3. 

V/hen  practical,  use  rivets,  bolts,  and  nuts  that  are  of  the  same 
material  as  the  main  structure.    If  it  is  not  possible  to  use  the  same 
material,  galvanic  corrosion  can  be  slowed  by  using  sacrifical  washers, 
insulating  tape,  or  sealant  to  isolate  the  galvanic  contact. 

*See  Glossary  of  Terms 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) 

  1.      Galvanic  corrosion  occurs  when  two  similar  metals  are  coupled 

together  in  the  presence  of  an  electrolyte. 

  2.      When  practical,  use  rivets,  bolts  and  nuts  that  are  different  to 

the  main  structure. 
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Frame  7 


Stress  Corrosion: 

«^r. J"^!^  corrosion  is  produced  by  the  simultaneous  effect  of  tensile 
il  lll    .  environment.    If  a  part  in  a  stressed  condition  is 

in  contact  wxth  an  electrolyte,  severe  corrosion  can  occur,  because  the 
stressed  area  of  a  part  has  been  found  to  be  anodic  to  an  Unstressed  area. 

meta/Sfne^L'^r''^'  neighborhood '  of  the  yield  strength  of  the 

it  usuaSv  runs  nar«?rr/^f '  corrosion  cracking.  When  a  crack  appears. 
It  usually  runs  parallel  to  the  granular  structure  of  the  metal. 

Stress  corrosion  may  be  prevented  by  removing  the  corrosive 

corro^T"?\.^?''  protective  coatings,  using 

corrosion  inhibitors  or  controlling  the  environment. 

Fill  in  the  blanks  with  the  correct  response. 

1.      Stress  corrosion  is  produced  by  the  effects  of 

—   ^^^^^^  and  a   environment. 


2.     When  a  crack  appears,  it  usually  runs  to  the 


of  the 
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Frame  8 


Fatigue  Corrosion: 

Fatigue  corrosion  is  a  special  form  of  stress  corrosion,  produced  by  the 
effects  of  an  alternating  cyclic  stress  and  a  corrosive  environment.  Fatigue 
corrosion  failure  generally  occurs  in  two  stages.    During  the  first  stage, 
the  combined  action  of  corrosion  and  the  cyclic  action  concentrates  the 
stresses  in  the  vicinity  of  any  pits. 


In  the  second  stage,  the  concentration  of  stresses  causes  cracks  to 
develop  in  the  base  of  the  pits.    The  cracks  develop  rapidly  and  gradually 
penetrate  the  section  until  a  fracture  occurs,  as  shown  in  figure  4,  Fatigue 
corrosion  cracks  are  different  from  stress  corrosion  cracks,  because  they 
usually  run  across  the  granular  structure  of  the  metal. 

Generally,  fatigue  corrosion  cracking  occurs  at  a  point  far  below  the 
normal  design  fatigue  limits  of  the  metal.  This  happens  even  though  there 
is  little  evidence  of  actual  corrosion*  For  this  reason,  metals  subjected 
to  alternating  cyclic  stresses  must  be  protected,  even  in  mildly  corrosive 
environments. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F). 

 .  !•      Fatigue  corrosion  is  a  special  form  of  tensile  corrosion. 


CI  83-5633 
0-1012 

Figure  4.    Fatigue  Corrosion. 


Fatigue  corrosion  failure  generally  occurs  in  three  cycles. 


3. 


Fatigue  corrosion  cracks  are  different  from  stress  corrosion  cracks. 
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Frame  9 


Filiform*  Corrosion 

Occasionally,  metals  with  organic  coatings  undergo  a  type  of  rorrosion 
that  results  in  numerous  threadlike  filaments  of  corrosion  products  under 
the  coating.    This  type  of  corrosion  is  caused  by  the  diffusion*  of  oxygen 
and  water  through  the  coating  and  is  considered  a  typical  type  of  oxygen 
concentration  cell.*    You  can  control  or  curtail*  filiform  corrosion  by 
storing  aircraft  or  equipment  in  a  low  himidity  environment  and  by  using 
coatings  with  a  high  resistance  to  diffusion  by  water. 

Now  that  we  have  talked  about  some  of  the  different  types  of  corrosion, 
let's  begin  to  talk  about  methods  of  controlling  corrosion. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F). 

  !•      Filiform  corrosion  is  caused  by  the  diffusion  of  oxygen  and  water 

through  the  coating. 

  2.      Filiform  corrosion  is  a  typical  type  of  hydrogen  concentration 

cell. 

*See  Glossary  of  Terms 
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Frame  10 


CorrojMon  Control  Methods 


Hy  (lofinJtion,  corrosion  (ontrol   fs  the  effort  to  minimize  the  deveJop- 
mont  of,  and  damage  from,  corrosion  by  properly  conducting  identification, 
isolation,  and  other  corrective  actions  on  a  timely  basis.    This  means  you 
are  to  inspect,  defect,  and  promptly  perform  required  maintenance  procedures 
to  eliminate  the  cause  of  corrosion  and  treat  the  metal  surface  to  prevent 
further  corrosion. 


No  Response  Required 


.3800 


Frame  11 


m^ludrf.         t  decreasit^  the  problem  of  corrosion  damage 

Include  frequent  inspections,  determining  the  causes  of  corrosion  and 
protecting  the  metal  from  further  attack?  <^orrosion,  and 

We  have  already  discussed  how  to  control  some  of  the  tvoes  of  corroR^«n 
?he  me^l         T'^'^f  °f  ^^^^  to  cont^^rcorro""n  ' 

sJoww'    S^is'n?ocL'/rV°"       '°  f  ""'^^  ^^^^  ^  ""^^^^l  «^hat  corrodes 

n  !^7L  ^        f  ^  ^"""^       anodizing,  aluminum  cladding,  chrome 

plating,  or  copper  plating  to  name  a  few. 

Another  way  of  controlling  corrosion  is  to  perform  frequent  inspections 

prot^SIwIo'a'tinr''  T'  entrapped'molsture,  ?he  conditi^^^r 

«Mn  !    r  ''°^*'^"f »         evidence  of  corrosion.    Also,  if  you  are  going  to 
ship  equipment  and  components,  be  sure  to  use  protective  packing  and 
packaging  to  protect  the  parts  from  corrosion. 

Early  detection  and  prompt  action  are  essential  to  controlling 
corrosion.  ° 


No  Response  Required 
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Clossary  of  Terms: 

1.  Anode  =     any  positively  charged  electrode,  as  of  an  electrolytic  eel], 

storage  battery,  or  electron  tube. 

2.  Cathode  =  any  negatively  charged  electrode,  as  of  an  electrolytic  cell, 

storage  battery,  or  electron  tube, 

3.  Chemical  Method  of  Removing  Corrosion  =  heavy  corrosion  being  removed 

by  using  different  types  of  chemical  substances. 

Warning 

Before  using  any  chemicals,  consult  the  appropriate 
technical  order, 

4.  Curtail  =  to  cut  short;  cut  off  a  part  of;  abridge;  reduce, 

5.  Diffusion  =  an  intermingling  of  modules,  ions,  etc,  resulting  from 

random  thermal  agitation,  as  in  the  dispersion  of  a  vapor  in 
air;  scattering, 

6.  Electrolyte  =  moisture  or  other  contamination, 

7.  Filiform  =  threadlike;  filamentous. 

8.  Galvanic  =  pertaining  to  or  produced  by  galvanism;  producing  or  caused 

by  an  electric  current, 

9.  Cnlvanism  =  electricity,  esp,  ns  produced  by  chemical  action. 

10.  Tntergranular  =  Two  words:    inter  meaning  between,  together,  among, 

during  and  granular  meaning  made  of  grains. 

11.  Mechanical  Method  of  Removing  Corrosion  =  removing  corrosion  by  hand 

scraping  with  a  suitable  carbide  tipped  scraper  or  fine 
fluited  rotary  file, 

12.  Organic  =  a  class  of  compounds  derived  from  plants  or  animals. 

13.  Oxygen  Concentration  Cell  =  occurs  when  a  solution  contains  varying 

amounts  of  dissolved  oxygen.    A  crevice,  sharp  corner,  or 
lap  joint  may  prevent  the  oxygen  from  dissolving  uniformly 
throughout  the  electrolyte, 

14.  Uniform  Etch  =  Two  words:    uniform  meaning  identical  without  variation 

in  detail,  and  etch  meaning  to  cut,  bite  or  corrode  with  an 
acid  or  the  like. 
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Answers: 

Frame  1 

.  No  Response  Required 

Frame  2 

1.  F 

2.  T 

3.  T 

Frame  3 

1.  general  dulllnj^  surface 

2.  surface  rough  and  sometimes  frosted 

Frame  4 

!•    white  or  ^raj^,  metal  surface 
2»    red  and  brown 

Frame  5 

1.  T 

2.  F 

Frame  6 

1.  F 

2.  F 

Frame  7 

1.    simultaneous,  tensile  stress  and  a  corrosive 
2»    parallel,  granular  structure  of  the  metal 

Frame  8 

1.  F 

2.  F 

3.  T 

Frame  9 

1.  T 

2.  F 

Frame  10 

No  Ret;ponse  Required 

Frame  11 

No  Response  Required 
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/    ,  .  OBJECTIVE 


J^eirtie^-general  principles  pertaining  to  the  operation  of  an  air 
turbine  motor  with  80Z  accuracy. 

INSTRUCTIONS 

u  P^°8^3nnned  text  presents  infomuition  in  small  steps  called 

frames.     After  each  frame  you  are  asked  to  respond  by  selecting  one 
or  more  correct  statements  or  by  entering  "T"  (true)  or  "F"  (false)  in 
the  appropriate  blank.    After  you  have  made  your  response,  compare  your 
answer  with  the  correct  answer  that  is  given  on  the  next  even  numbered 
page  following  each  frame.    If  your  response  is  incorrect,  restudy  the 
frame  to  get  the  information  correctly  in  your  mind.    DO  NOT  MARK  IN 
THIS  TEXT. 

INTRODUCTION 

While  working  as  an  Fnvironmental  System  Specialist,  you  will  be 
required  to  maintain  air  turbine  motor  systems  installed  on  various  types 
of  aircraft.    This  text  describes  a  typical  air  turbine  motor.    It  also 
describes  what  an  air  turbine  motor  is  used  for  and  the  principles  of 
operation.  ^  ^ 


Supersedes  3ABRA2331-PT-316,  28  July  1978. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  TTVSA  -  J. 
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Frame  1 


Thfe  Air  Turbine  Motor  (AIH) ,  is  a  motor  driven  by  air  pressure 
directed  against  the  curved  vanes  of  a  vheel.    This  wheel  is  connected 
to  a  series  of  gears  which  are  used  to  drive  any  of  the  following  f 
components:    alternators,  generators,  and/or  hydraulic  pumps.  (Re- 
fer to  figure  1  below.) 
/ 

The  primary  purpose  of  the  air  turbine  motor  is  for  an  emer- 
gency source  of  electrical  power  or  hydraulic  pressure  during  in-flight 
emergencies.    It  may  also  be  used  for  a  source  of  auxiliary  electrical 
power  or  hydraulic  pressure  during  ground  operation •    Not  all  air- 
craft are  eqjiipped  with  an  air  turbine  motor. 


AIR 

PRESSURE 


ALTERNATOR,  GENERATOR,  OR 
HYDRAULIC  PUMP  


TURBINE  WHEEL 

Figure  1. 

Answer  the  following  statements  TRUE  or  FALSE, 

 ^1-      The  air  turbine  motor  is  driven  by  an  electrical  motor, 

 2.      The  primary  purpose  of  the  air  turbine  motor  is  for  an 

emergency  source  of  electrical  power  and/or  hydraulic 
pressure. 


All  aircraft  are  equipped  with  an  air  turbine  motor. 


Correct  Responses  to  Frame  1:       F    1.       T    2#       F  3* 

Note:    From  this  time  on>  the  text  will  refer  to  the  air  turbine 
motor  as  ATM. 

Frame  2 

The  sources  of  air  that  are  «used  to  drive  the  ATM  are  as  follows: 

1.  Engine  Bleed  Air  (EBA)  for  grotmd  or  flight  operation. 

2.  Gas  Turbine  Compressor  (GTC)  for  ground  operation  on  some 
aircraft. 

3.  Ground  Air  Cart  (MA-IA)  for  ground  operation  ONLY. 
Answer  the  following  statements  TRUE  or  FALSE. 

 ^1.     The  MA-IA  is  used  to  drive  the  ATM  during  flight  operation. 

 2.     The  GTC  provides  air  to  drive  the  ATM  during  ground  operation 

on  same  aircraft. 

 ^3.     EBA  can  be  used  to  drive  the  AIM  for  both  ground  and  flight 

operation. 

4.  The  abbreviation  for  Air  Turbine  Motor  is  ATM. 


Frame  3 

In  order  to  understand  the  complete  operation  of  the  ATM,  you 
must  understand  the  operation  of  the  basic  parts  making  up  the  ATM. 
The  basic  parts  of  the  ATM  consists  of;  a  turbine  wheel »  gear  box 
asseinbly,  and  a  speed  control  system.    Before  we  discuss  the  operation 
of  the  ATM,  we  will  first  discuss  the  basic  parts  and  their  operation. 

NO  RESPONSE  REQUIRED 
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Frame  A 


Lot  us  first  discuss  the  turbine  wheel.    By  now  you  should  be 
familiar  with  the  principles  of  a  turbine  wheel*    If  you  remember 
from  previous  blocks  of  instruction,  a  turbine  wheel  is  a  curved 
vane  wheel.    The  turbine  wheel  will  rotate  when  a  pressurized  air  flow 
is  directed  on  it.    The  turbine  wheel  of  the  ATM  is  connected  to 
a  series  of  gears  within  the  ATM  gear  box  (the  gear  box  will  be  dis- 
cussed in  a  later  frame) . 

The  turbine  volute  (turbine  wheel  housing)  encloses  the  turbine 
wheel.    (Refer  to  figure  2.)    A  pressurized  air  source  is  applied  to 
the  turbine  volute  Inlet.    The^ volute  directs  the  air  flow  to  the 
turbine  wheel  vanes.    The  turbine  wheel  will  then  rotate,  turning 
the  gears  inside  the  ATM  gear  box. 

TURBINE  VOLUTE 
INLET. 


GEAR 


TURBINE 
WHEEL 


TURBINE  VOLUTE. 

Figure  2. 

Answer  the  following  statements  TRUE  or  FALSE. 

 !♦      The  turbine  volute  houses  the  turbine  wheel. 

 2.     The  turbine  wheel  drives  a  series  of  gears  in  the  ATM  gear 

box. 
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Correct  Responses  to  Frame  2:       F    1,     T_2.    _T_3,       T  4. 


Correct  Response  to  Frane  3:    None  required. 
Correct  Responses  to  Frame  4:       T    1,  T2, 


Frame  5 

;The  ATM  gear  box  houses  a  series  of  gears  (gear  train).  This 
gear  train  is  a  reduction  type.    There  are  two  output  drive] pads  that 
are  drivfen  by^  the  gear  trad^    (Refer  to  figure  3,)    The  upper  out- 
put drive  p^d  i«  used  to  driye  an  alternator  or  generator  (depending 
von  th^  type  of  aircraft  the  ATM  is  Installed  o^)  •    The  lower  output 
pad  Is  used  to  drive  a  hydraulic  piimp,  ^  The  turbine  wheel  turns  at 
a  controlled  speed  of  43,000  RPM,    The  speed  control  system  (which 
will  be  discussed  in  a  later  fritme)  controls  the  turbine  wheel  speed. 
The  upper  output  drive  pad  will  drive  an  alternator  o|:  generator 
at  a  speed  of  6,000  RPM.    The  lower  output  p^d  will  drive  jbl  hydraulic 
pump  at  a  speed  of  3,500  RPM,    Thjk  two  output  driVe  pad  speeds  are 
reduced  b^  a  reduction  typ^e  gepr  train.  ^ 

Answer  the  following  statements  TRUE  or  FALSE, 

 !•     The  alternator  or  generator  is  driven  at  6,000  RPM, 

 2.      The  hydraulic  pump  is  driven  at  3,500  RPM, 

 ^3,      The  turbine  wheel  is  turning  at  43,000  RPM, 
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Correct  Responses  to  Frame  5:       T    1.       T    2,       T  3, 
Frame  6 

[jhe  ATM  has  an  internal  oil  supply.    Oil  is  taken  from  the  bot- 
tom of  the  ATM  gear  bdx  by  an  oil  pump-    The  oil  is  forced  through 
an  oil  filter  and  then  throd'gh  a<i  oil  cooler.    The  oil  cooler  works 
on  the  same  principles  ^s  a  radiator  iti  a  car.    The  oil  passes  through 
tubing  which  cooling  air  flows  across-    The  cooling  air  is  forced  in 
through  the  bottom  of  the  oil  cooler,  over  the  oil  cooling  lines, 
and  then  out  the  oil  cooler  air  outlet.    (Refer  to  figure  AA.) 

Not-^:    Cooling  air  is  supplied  hi  ram  air  during  flight  or 
an  ATM  cooling  f^n  during  ground  operation. 

The  cooled  oil  is  then  directed  to  the  ATM  gears  and  bearings 
inside  the  gear  box.    The  oil  then  falls  back  down  to  the  bottom 
of  the  ATM  gear  box  and  is  recirculated  again*    The  ATM  has  a  filler 
cap  an4  an  oil\ level  sight  gage  for  servicing  the  ATM  with  oil.  Tlie 
ATM  must  always  be  properly  serviced  with  the  proper  amount  and  type 
of  oil  to  prevent  internal  damage.    The  ATM  is  serviced  with  Military 
Specification  MIL-L-23699  type  oil  when  the  oil  level  reached  the  ADD 
mark  on  the  lower  sight  gage.    (Refer  to  figure  A.)    The  oil  is 
poured  in  the  ATM  filler  port  until  the  oil  level  reaches  the  FULL 
mark  on  the  upper  sight  gage. 

Caution:    Never  overfill  the  ATM  with  oil. 

Answer  the  following  statements  TRUE  or  FALSE. 

1.      Oil  for  the  ATM  is  taken  from  the"  engine  oil  supply. 


2.      Oil  is  directed  through  the  ATM  by  an  oil  pump. 


3.      Military  Specification  MIL-L-6808  is  used  in  the  ATM. 


A.      An  oil  cooler  is  used  to  cool  the  ATM  oil. 


5.      When  the  ATM  oil  level  is  below  the  FULL  mark  but  not  to  the 
ADD  mark,  the  ATM  must  be  serviced  with  oil. 
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Correct  Responses  to  Frame  6:       F   1.       T    2.       F  3.    _T_4.       F  5> 


The  ATM  is  a  pneumatically  operated  motor.    This  means  it  is 
operated  by  air  pressure.    Air  pressure,  from  the  aircraft  bleed  air 
system,  enters  the  ATM  at  the  AIR  INLET.    (Refer  to  figure  5.)  Tlie 
air  entering  the  ATM  is  controlled  by  a  shutoff  valve  and  a  modulating 
valve*    Some  of  the  air  entering  the  ATM  air  inlet  is  tapped  off 
before  the  shutoff  valve  butterfly.    Thia  air  is  then  directed,  by 
metal  tixbing,  to  the  shutoff  valve  acttiator  opening  diaphragm,  sole- 
noid valve,  and  overspeed  trip  assembly.    Some  air  is  also  tapped  off 
between  the  shutoff  valve  and  the  modulating  valve  butterfly.  This 
air  goes  through  the  oil  cooler,  moisture  separator,  air  filter, 
and  pressure  regulator.    The  air  Is  then  directed  to  the  compensating 
diaphragm  of  the  modulating  valve  actuator  (mod  valve  actuator) . 
The  air  is  also  directed  throiigh  the  speed  controller  to  the  actu- 
ating diaphragm  of  the  mod  valve  actuator.    When  the  shutoff  valve 
and  mod  valve  butterflies  open,  the  bleed  air  is  directed  through 
the  turbine  volute.    The  turbine  volute  directs  the  air  to  the  tur- 
bine wheel,  then  out  the  turbine  exhattst. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.     The  ATM  is  electrically  operated. 

 2.     Air  from  the  speed  controller  goes  to  the  actuating  diaphragm 

of  the  modulating  valve « 

 ^3.     The  air  that  goes  to  the  modulating  valve  actuator,  goes 

through  fchs  oil  cooler  first. 


Frame  7 
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Figure  5. 
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Correct  Responses  to  Frame  7:       P   1>       T    2>       T  3> 


Frame  8 

At  tha  beginning  of  this  text,  we  stated  that  the  ATM  drives 
t^o  output  pads.    The  upper  pad  at  6,000  RPM  and  the  lower  pad  at  3,500 
SSK.    This  speed  must  be  constant  or  the  con5>onents  attached  to 
them  will  not  work  correctly.    If  there  was  no  way  to  control  the 
airflow  that  is  directed  to  the  turbine  wheel,  the  turbine  wheel 
speed  would  not  be  constant.    This  would  directly  affect  the  speed 
of  the  two  output  pads.    For  cxanqple:    If  the  aircraft  engines  were 
running  at  idle  speed,  they  would  produce  a  lower  pressure  of  bleed 
air.    This  would  make  the  ATM  turbine  wheel  turn  at  a  low  RPM,  If 
the  aircraft  engines  were  then  accelerated,  the  bleed  air  pressure 
would  increase.    This  would  make  the  ATM  turbine  wheel  turn  faster. 
Since  the  two  output  pads  are  driven  through  a  series  of  gears,  by 
the  turbine  wheel,  the  output  pads  speed  would  also  vary.  Therefore, 
we  must  have  some  way  to  control  the  amount  of  air  pressure 
to  th^  turbine  wheel  to  control  the  output  pad  speed.    In  the 
following  frames  we  will  discuss  how  the  ATM  speed  is  controlled. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.      To  control  the  output  pad  speed,  the  air  pressure  to  the 

turbine  wheel  must  be  controlled, 

 2.      Air  pressure  to  the  ATM  inlet  ^ill  always  be  at  a  constant 

pressure. 
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Correct  Responses  to  Frame  8:       T    1>       F  2, 


Frame  9 


The  first  of  our  discussion  will  be  those  components  that  ccritrol 
the  air  pressure  to  the  ATM  turbine  wheel.    The  air  that  enters  the 
ATM  is  directly  controlled  by  the  ATM  shutoff  valve  butterfly. 
(Refer  to  figure  6.)    When  an  air  source  is  applied  to  the  ATM  air 
inlet,  the  flow  is  stopped  due  to  the  ATM  shutoff  valve  butterfly 
being  closed.    This  valve  is  spring-loaded  to  the  close  position. 
Just  above  the  ATM  shutoff  valve  butterfly,  air  is  directea  (by  an 
air  tapoff)  to  the  opening  diaphragm  of  the  ATM  shutoff  vaLve  actu- 
ator and  the  solenoid  valve*    The  solenoid  valve  is  electrically 
controlled  by  the  ATM  ON/OFF  switch.    This  switch  is  located  in  the 
crew  compartment  of  the  aircraft.    When  the  ATM  ON/OFF  switch  is  placed 
to  the  OFF  position,  there  will  be  no  electrical  power  applied  to 
the  solenoid  valve.    Without  electrical  power,  the  solenoid  is  de- 
energized.    This  action  closes  off  the  bleed  port  and  opens  the  in- 
let port  (A)  of  the  solenoid  valve.    Now,  air  entering  port  A,  passes 
through  the  deenergized  solenoid  valve  to  port  B.    This  air  is  then 
directed  to  the  closing  diaphragm  of  the  ATM  shutoff  valve  ^  .uator. 
The  air  pressure,  along  with  the  spring  tension  on  the  closing 
diaphragm,  will  keep  the  shutoff  valve  butterfly  closed.    Since  no 
air  pressure  can  reacli  the  ATM  turbine  wheel,  the  ATM  will  not  operate. 

Answer  the  following  statements  TRUE  or  FALSE. 

 ^1.      The  air  pressure  which  is  directed  to  the  ATM  shutoff  valve 

actuator  is  tapped  off  below  the  ATM  shutoff  valve  butterfly. 

 2.      The  ATM  will  not  operate  when  the  solenoid  valve  is  deenergized. 
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Correct  Responses  to  Frame  9:       F    1.       T  2. 


Frame  10 

When  the  ATM  ON/OFF  switch  is  in  the  ON  position,  (refer  to 
figure  7)  the  solenoid  valve  energizes •    Its  shaft  is  drawn  to  the 
left,  thereby  opening  its  bleed  port.    This  dumps  the  air  pressure 
from  the  bottom  of  the  closing  diaphragm  out  through  the  open  bleed 
port.    Now,  the  force  of  the  air  on  the  top  of  the  opening  diaphragm 
will  be  enough  to  move  the  shutoff  valve  actuator  downward.  This, 
in  turn,  causes  the  butterfly  valve  to  open  and  allow  airflow  to 
enter  the  ATM.    Just  below  the  shutoff  valve  butterfly,  air  pres- 
sure enters  a  tapoff  and  passes  through  the  oil  cooler.    This  oil 
cooler  is  a  heat  exchanger  that  serves  two  functions.    It  cools  the 
lubricating  oil  from  the  gear  box  and  it  cools  the  air  flow  that 
passes  through  it.    Ram  air  is  the  cooling  agent.    Once  t^-a  air 
has  been  cooled,  it  passes  through  a  moisture  separator,    .ir  filter, 
and  pressure  regulator.    The  moisture  separator  eliminates  any  small 
particles  of  water  from  the  air  before  it  passes  into  the  air  filter. 
The  air  filter  removes  small  particles  of  dust  and  dirt  from  the 
air.    The  pressure  regulator  regulates  the  air  flow  to  a  maximum 
55  psig  to  the  compensating  diaphragm  and  speed  controller. 

Answer  the  following  statements  TRUE  or  FALSE  • 

 1.      The  solenoid  valve  starts  and  stops  the  ATM. 

 2,     The  pressure  regulator  regulates  pressure  to  the  compen- 

sating  diaphragm  and  speed  controller  to  55  psig. 

 3.     The  oil  cooler  cools  air  going  to  the  solenoid  and  shut" 

off  valves. 

Frame  11 

The  speed  controller  (in  figure  7)  controls  the  air  flow  to 
the  mod  valve  actuating  diaphragm.    The  speed  controller  is  driven 
by  the  turbine  wheel  through  a  series  of  gears.    When  the  turbine 
wheel  speed  iacreases^  the  speed  controller  decreases  the  air  flow 
applied  to  the  mod  valve  actuating  diaphragm.    This,  in  turn,  causes 
the  modulating  valve  actuator  to  move  the  butterfly  toward  the  close 
position.    By  closing  the  butterfly,  the  amount  of  air  flow  to  the 
turbine  wheel  is  decreased  allowing  the  turbine  wheel  to  slow  down. 
As  the  turbine  wheel  decreases  speed,  the  speed -controller  allows 
an  increase  in  air  pressure  to  the  mod  valve  actuating  diaphragm. 
The  actuator  will  again  cause  the  modulating  valve  butterfly  to  move 
toward  the  open  position.    This  will  Increase  air  flow  to  the  tur- 
bine wheel,  thus,  increasing  its  speed.    In  this  way,  the  speed 
controller  will  control  the  turbine  speed  at  43,000  PPM. 
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Frame  11  (Cont*i) 

Answer  the  following  statements  TRUE  or  FALSE. 

 ^1.      The  air  pressure  against  the  actixating  diaphragm  is  con- 
trolled by  the  speed  controller. 

 2.      The  force  of  the  air  pressure  from  the  speed  controller 

against  the  actuating  diaphrasm  opens  the  modulating  valve 
butterfly. 

 ^3.      The  purpose  of  the  speed  crntroller  is  to  govern  turbine 

wheel  speed. 

 4.      The  modulating  valve  actuator  operates  the  modulating  valve 

butterfly. 


Frame  12 

If  the  turbine  sheel  speed  increases  to  a  critical  range  of 
52,000  to  56,000  RWI,  centrifugal  force  causes  a  plunger  on  the 
turbine  wheel  shaft  to  move  upward.    (Refer  to  figure  8.)  This 
causes  the  overspeed  trip  to  rotate  counterclockwise  on  its  pivot. 
The  overspeed  trip  forces  the  overspeed  trip  valve  down  and  opens 
the  overspeed  trip  valve  port.    Opening  this  port  allows  air 
pressure  from  the  tapoff  tn  be  applied  to  the  shutoff  valve 
actuator  closing  diaphragm.    When  this  air  pressure  is  applied, 
the  shutoff  valve  closes.    This  stops  AIM  operation,  even  though 
the  solenoid  valve  small  bleed  port  is  still  open.    The  overspeed 
trip  valve  must  be  reset  after  repairs  are  made. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.      Closing  of  the  shutoff  valve  butterfly  results  in  Suopping 

ATM  operation. 

 ^2.      When  turbine  wheel  speed  reaches  a  speed  between  52,000 

to  56,000  RPM  the  overspeed  trip  valve  port  opens. 

 ^3.      The  overspeed  trip  plunger  is  operated  by  centrifugal  force. 
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Correct  Responses  to  Frame  10:       T    1 ,       T    2.       F  3. 

Correct  Responses  to  Frame  11:       T    1,       t    1.       T    ^3.       T  4. 

Correct  Responses  to  Frame  12:       T    1 ,       T    2.       T  3. 

Frame  13 

It  is  important  that  you  become  familiar  with  the  procedures  used  in 
bench  checking  the  components  of  the  ATM.    First  the  AIM  must  be  removed 
from  the  aircraft  and  mounted  on  a  test  stand.    Electrical  power  and  bleed 
air  are  required,  however,  most  checks  are  made  with  power  and  air  off. 

1.  The  soxenoid  valve  -  with  28VDC  and  air  applied  -  can  be  checked 
by  operating  the  on  and  off  switch.    In  the  on  position  the  linkage  should 
be  fully  retracted  and  with  the  switch  in  the  off  position  the  linkage 
should  be  fully  extended. 

2.  The  shutoff  valve  -  power  and  air  must  be  off  for  this  check. 
The  shutoff  valve  linkage  must  be  free  of  binding  and  sticking  and  should 
move  approximately  1''  from  the  closed  to  open  position.    This  check 

is  made  h;  moving  the  linkage  by  hand. 

The  opening  diaphragm  can  be  checked  for  leakage  by  moving  the  linkage 
to  the  open  position  by  hand  and  by  using  a  finger  to  cover  the  vent  hole 
located  on  the  bottom  of  the  valve  housing.    If  the  diaphragm  does  not  leak, 
the  linkage  will  remain  in  the'  full  open  position  as  long  as  your  finger 
is  covering  the  vent  hole.    When  your  finger  is  removed  from  the  vent 
hole,  the  linkage  should  return  to  \:he  full  closed  position. 

3.  The  overspeed  trip  valve  -  with  power  and  air  off  -  must  be  in 
the  reset  or  closed  position  for  the  ATM  to  operate.    Check  by  pressing  in 
slowly  on  the  overspeed  reset  button  until  the  plunger  is  in  as  far  as  it 
will  go.    This  will  ensure  that  the  AIM  is  NOT  in  an  overspeed  condition. 

4.  The  pressure  regulator  -  with  power  and  air  on  -  can  be  checked 
by  using  a  pressure  gauge  installed  between  the  pressure  regulator  and  the 
modulating  valve.    Pressure  should  be  55  PSI  during  operation  of  the  ATM. 

5.  The  speed  controller,  with  power  and  air  off,  can  only  be 
checked  visually  for  noticable  damage,     i^s  internal  parts  can  be  checked 
by  removing  it  from  the  ATM  and  placing  it  on  a  special  test  stand. 

6.  The  modulating  valve,  with  power  and  air  off,  can  be  checked  for 
freedom  of  movement  by  moving  the  linkage  full  open  and  closed  by  hand. 
Checking  of  the  diaphragms  cannot  be  done  without  disassembly  of  the  valve. 

Answer  the  following  statements  TRUE  or  FALSE. 

-  ^1*      The  solenoid  valve  linkage  should  be  fully  extended  when  the 

switch  is  off. 

 ^2.      The  ATM  shutoff  valve  must  be  able  to  move  2"  for  proper  operation 

 Pressing  in  the  overspeed  trip  valve  button  ensures  that  there 

is  an  overspeed  condition. 

 The  ATM  pressure  regulator  should  maintain  65  PSI. 

 ?•      The  modulating  valve  linkage  can  be  checked  for  freedom  of 

movement  in  the  same  way  as  the  shutoff  valve. 
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Correct  Responses  to  Frame  13:       T    1,    _F_2.       F    3.       F  A, 

T    5.  *  ' 


Frame  lA 

By  now  you  should  know  the  general  principles  of  operation  of  the 
ATM  and  the  procedures  for  bench  checking  its  components.  You  should 
also  be  able  to  identify  and  locate  the  different  components  that  make 
up  the  ATM.  Figure  9  is  an  exter*  al  view  of  the  ATM.  Study  figure  9 
and  identify  by  name  each  component  indicated.  This  should  enable  you 
to  easily  locate  components  for  bench  checking  and  troubleshooting  the 
ATM. 

NO  RESPONSE  REQUIRED 
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Environmental  Pneudraulics  Branch  SERVICE  TEST 

Chanute  AFB,  Illinois  C3ABR42331-WB-306 

OBJECTIVES 


Given  applicable  workbook,  AFTO  Forms  and  TO,  and  necessary  equipment, 
perform  a  minor  inspection  of  the  air  turbine  motor,   locating  a  minimum 
of  two  discrepancies,  with  a  maximum  of  4  Instructor  Assists. 

Instructor  Initials    1.  2.  3.  4. 


Given  a  workbook,  AFTO  Forms  and  TO,  and  necessary  equipment,  and 
using  a  source  of  hot  pressurized  air,  perform  an  operational  check  on  the 
air  turbine  motor  with  a  maximum  of  4  Instructor  Assists. 

Instructor  Initials     1.  2.  3.  4. 


NOTE:     An  instructor  assist  has  been  defined  as  limited  aid,  such  as, 
technical  direction,  and/or  technical  interpretation  given  a  student  who 
can  proceed  no  further  on  his/her  own.     Be  sure  to  ask  any  necessary 
questions  before  the  test  begins. 


EQUIPMENT 


Air  Turbine  Motor 

MA-IA  Ground  Air  Compressor 

Ear  Protection 


INTRODUCTION 


As  an  aircraft  environmental  systems  specialist  you  will  be  required  to 
perform  both  visual  and  functional  inspections  of  aircraft  environmental 
systems  and  components.    For  the  visual  inspections  you  would  check  the  items 
listed  on  the  applicable  inspection  work  cards  (AFTO  FORM  26)  and  record  all 
discrepancies  on  the  Maintenance  Discrepancy  &  Work  Document  Forms  (AFTO 
FORM  781A)  and  on  Maintenance  Data  Collection  Record  Forms  (AFTO  FORM  349) 
at  the  back  of  this  workbook.    Once  the  discrepancies  have  been  identified 
and  recorded  you  must  perform  whatever  maintenance  is  necessary  to  take 
care  of  them.    After  all  the  work  has  been  completed,  and  before  the  aircraft 
is  released  for  flight,  you  must  perform  functional  checks  on  the  systems/ 
components  using  the  applicable  technical  orders. 

In  this  work  book  you  will  be  required  to  perform  a  visual  inspection  of 
a  C-130A  aircraft  air  turbine  motor,  locate  and  record  at  least  two  dis- 
crepancies on  applicable  forms,  and  then  perform  a  functional  check  of  the 
unit.     Before  performing  the  functional  check  you  must  read  and  understand 
this  workbook.     Notify  the  instructor  when  you  are  ready  to  begin  the  project. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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PART  1 


1.  Obtain  the  applicable  inspection  workcard  form  the  instructor  and  perform  a 

••Minor  Inspection  on  the  C-130A  aircraft  Air  Turbine  Motor,  (located  on  the  left  side 
of  the  loadbank).    Then  have  the  instructor  check  your  work  be foB  proceeding. 

Instructor  initials,  checking  work  so  far  completed,   

2,  Complete  the  AFTO  Forms  349,  781  A,  using  the  following  information  and  technical  orders, 

ATM  INFORMATION 

Serial  Number    734210 

Identification    Number  •  XX4210 

Part  Number    9410P542 

F3C    0520 

Total  Operating  Time  ••.  97,5  Hours 


NOTE:    Some  of  the  information  listed  above  may,  or  may  not  be  used.    Use  only  the  inform- 
ation required  on  the  AFTO  Form  you  are  completing. 
Today  your  supervisor  dispatched  you  on  a  priority  3  workorder  to  perform  a  minor  insp- 
ection on  the  ATM,  that  is  installed  on  aircraft  I.D.  //0557,  located  in  Hanger  //A106, 
on  Chanute  Air  Force  Base,  Illinois  61868 

The  Job  Control  Number  for  the  minor  inspection  is  A527.  (Include  today's  Julian  date). 
The  Aircraft's  workcenter  code  is  A3479,  and  your  workcenter  is  Q3360. 

The  time  you  are  required  to  begin  the  inspection  i3  the  same  time  that  you  entered 
this  lab. 

3.    Upon  completion  of  the  AFTO  Forms,  turn  them  in  to  your  instructor  and  correct  all 
mistakes  identified  by  the  instructor. 


AIRCRAFT  INFORMPTION 

Serial  Number   83P557 

Aircraft  Time   649.3 

Number  of  Engines   4 

Engine  Serial  Numbers: 

No.  1   679210 

No.  2   671321 

No.  3    670323 

No. 4    678101 
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PART  2 


After  the  paperwork  has  been  corrected  you  will  perform  an  operational 
check  of  the  ATM  using  instructions  contained  in  this  workbook* 

After  the  operational  check,  you  must  complete  the  applicable  forms 
to  document  the  check.  Using  the  same  information  as  for  the  other 
forms . 

The  Technical  Orders  to  be  used  are: 

00-20-2-2,  Maintenance  Documentation  for  Aircraft • 

00-20-5,    Aircraft  Inspections,  Flight  Reports,  and  Supporting  Maintenance 
Documents. 

1C-130A-06,  Work  Unit  Code  Manual  for  a  C-130  Aircraft, 

You  must  have  completed  four  AF  Forms  349  and  four  blocks  on  the  AFTO 
form  781A*    One  block/form  for  each  of  the  following. 

1.  Minor  Inspection  Due. 

2.  One  for  each  discrepancy  found  during  the  inspection  (2  discrepancies). 

3.  Operational  Check  Due. 
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AIR  TURBINE  MOTOR 
OPERATIONAL  CHECKOUT 


FOREWARD 


This  workbook  contains  the  before  test,  test,  and  after 
test  procedures  for  performing  an  operational  checkout  of  an 
Air  Turbine  Motor  Trainer.    All  safety  precautions,  notes, 
warnings,  and  procedures  and  limitations  contained  herein  will 
be  strictly  adhered  to.    It  is  the  responsibility  of  the  person 
in  charge  of  this  operation  to  be  thoroughly  familiar  with  this 
publication  to  ensure  that  all  other  personnel  involved  under- 
stand its  contents. 

A  qualified  person  must  be  present  at  all  times. 

All  asterisked  (*)  itetis  will  be  performed  by  qualified 
individuals  only. 
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BEFORE  TEST 


WARNING 


All  applicable  AFOSH  standards  must  be 
followed  during  this  operation •  This 
includes  the  use  of  ear  protection  and 
removing  watches,  rings,  bracelets, 
necklaces,  and  metal  rim  glasses • 

Start  the  MA-IA  ground  power  cart  according  to  labeled 
instructions*    Connect  the  air  hose  to  the  bleed  air 
duct. 

1.    Place  the  CONTROL  BLEED  AIR  SHUTOFF  VALVE  control  box 
C130  switch  to  the  'OPEN'  position* 


TEST 

!•     Insure  that  the  ATM  control  panel  circuit  breaker  is  in, 

2*    Place  the  CONTROL  SWITCH  in  the  'RUN'  position, 
RESULT:  The  ATM  should  start- 


The  shutoff  valve  and  modulating  valve 
should  open*  The  modulating  valve  may 
fluctuate  to  maintain  ATM  speed  as  air 
source  pressure  changes. 

3,  Check  to  see  if  the  generator  is  rotating. 

4.  Check  the  oil  vent  located  under  the  speed  controller. 
A  slight  air  flow  should  be  felt. 
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5*    Check  all  tubing  and  duct  connections  for  air  leaks. 
6*    Check  ATM  casing  for  oil  leaks* 

?•     Place  the  CONTROL  SWITCH  to  'STOPV 
RESULT:  The  ATM  should  stop* 

8*     Insure  that  the  shutoff  valve  and  modulating  valve  clo 


••V    1,     Place  the  CONTROL  BLEED  AIR  SHUTOFF  VALVE  control  box 
C130  switch  to  the  *  CLOSE*  position* 

vc    2*     Shutdown  the  MA-IA  ground  air  cart  and  stow  the  air  h 


AFTER  TEST 
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OBJECTIVE 


Rftlatft  componMita  of  a  turbin*  rftfrlgarttlon  dtvics  to  thslr 
opttMtlon  with  80Z  accuracy. 

INSTRUCTIONS 

This  text  presents  naterlrl  In  small  steps  called  "frames."  After 
each  frame  you  will  find  a  number  of  statements  and  you  are  asked  to 
select  the  true  statement/statements  froa  the  list.    The  answers  to  the 
correct  statements  can  be  found  on  the  top  of  the  next  page.    If  you 
selected  the ^correct  answers,  continue  to  the  next  frame. 

As  you  ^ead  the  text,  the  turbines  will  be  available  for  you  to  see 
and  Inspect.    If  you  have  any  questions  ask  your  Instructor. 


Suparsades  3ABR42331-PT-307,  27  February  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;    DAV  -  1 
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Frame  1 


On  today's  high  speed,  high  altitude  jet  aircraft,  air  for  operating 
the  air  conditioning  system  for  the  cockpit  or  cabin  is  taken  from  the 
last  stage  of  engine  compression.    This  air  has  a  very  high  temperature, 
which  is  usually  between  600-900  degrees  F,  on  most  aircraft.    This  air 
is  known  as  Engine  Bleed  Air.    In  this  text  and  on  the  flightline  it  is 
simply  known  as  "EBA."    After  the  heat  exchangers  cool  this  EBA  as  much 
as  possible  it  is  routed  to  the  air  cooling  turbine,  which  cools  the  air 
further  by  rapidly  expanding  the  air. 

In  this  text  we  will  discuss  the  major  types  of  turbines  that  are 
used  on  today's  jet  aircraft. 

Note:    Check  (/)  the  following  statements  that  are  true. 

  1.    The  abbreviation  for  Engine  Bleed  Air  is  EBA. 

  2.    The  temperature  of  Engine  Bleed  Air  is  very  high. 

  3.    EBA  is  tapped  off  the  compressor  section  of  the  engine. 


4.  The  heat  exchangers  cool  the  air  before  it  reaches  the 
cooling  turbine. 

5.  The  air  is  cooled  by  expanding  it. 
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Answers  to  Frame  1:    !•      /       2.      /      3.      /      4.      /       5.  / 


Frame  2 

The  four  main  types  of  cooling  turbines  used  In  today *s  aircraft 

are:    !•  Oil  Sump;    2,  Oil  Pack;    3.    Compressor  type;  and  4.  Variable 

Nozzle.  Cooling  turbines  are  also  called  Air  Cycle  Machines. 

As  the'  turbine  units  are  being  discussed,  refer  to  figure  6  at  back 
of  the  text,  in  order  to  see  the  location  of  the  components. 

The  major  components  of  the  oil  sump  turbine  are  the  turbine  wheel  (1) 
and  fan  assembly  (6).    Thede  two  units  are  connected  by  a  common  shaft  (15). 
The  turbine  wheel  is  driven  by  EBA,  by  way  of  the  nozzle  ring  (11),  which 
causes  a  temperature  drop  by  rapidly  expanding  the  air  on  the  outlet  side 
of  the  turbine  wheel.    The  turbine  then  drives  the  fan. 

Itie  fan  (6)  draws  ram  air  across  the  heat  exchanger  and  at  the  same 
time  puts  a  load  on  the  turbine  to  prevent  the  turbine  from  overspeeding. 

Note:    Check  (/)  the  statements  that  are  true, 

  1.    The  turbine  cools  the  air  by  rapidly  expanding  it. 

  2.    The  fan  draws  ram  air  across  the  heat  exchanger. 

  3.    The  fan  puts  a  load  on  the  turbine  to  prevent  overspeeding. 

4.    The  turbine  is  driven  by  the  fan. 


5.  The  turbine  wheel  and  fan  assembly  are  connected  by  a 
common  shaft. 

6.  The  four  main  types  of  turbines  are  oil  sump,  oil  pack, 
compressor,  and  variable  nc':2le. 
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Answers  to  Frame  2:    1.     /     2.     ^'     3.  / 


Frame  3 

^  Now  that  you  know  the  function  of  the  turbine  and  fan  assembly, 
let  s  take  a  look  at  what  the  rest  of  the  parts  do. 

The  bearings  (9  and  lA)  support  the  shaft  (15).    The  preload 
spring  (8)  absorbs  the  end  play  of  the  shaft. 

The  oil  for  lubricating  the  bearings  is  stored  in  the  sump  (3) . 
A  felt  blanket  (5)  prevents  the  oil  from  reaching  the  bearings  in  a 
liquid  form.    The  oil  flows  slowly  through  the  wick  (A)  to  the  blanket 
(5)  ana  then  to  the  bearings,  (9  and  lA) .    The  slinger  rings  (2)  draw 
an  oil  mist  from  the  blanket  (5)  across  the  bearings  (9  and  lA) ,  then 
returns  the  oil  to  the  sump  through  drilled  passages.    The  labyrinth 
seals  (oil  seals)  (10  and  13)  keep  the  oil  from  getting  into  the  cold 
air  duct  and  the  ram  air  duct. 

Note:    Check  (/)  the  following  statements  which  are  true. 

  1-    The  slinger  rings  draw  oil  across  the  bearings. 

  2.    The  bearings  support  the  shaft. 


3.    The  labyrinth  seal  keeps  the  oil  from  getting  into  the 
cold  air  and  ram  air  ducts. 

A.    The  felt  blanket  keeps  the  oil  warm. 

5.  The  felt  blanket  keeps  the  oil  from  reaching  the  bearings 
in  liquid  form. 

6.  The  wick  keeps  the  oil  from  reaching  the  felt  blanket. 
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Answers  to .  Faraiae  3 :    1 .    /     2 .    /     3 .    /     4 .    5  •    /     6 .   

Frame  4 

Let's  sea  how  oil  is  added  to  an  oil  sump  type  turbine.    The  dwount 
ot  oil  varigpcjwith  type  of  aircraft.    You  will  have  to  look  in  the  techni- 
cal order  tCK-fdnd  the  correct  amount.    Some  aircraft  turbines  have  sight 
gaijes,  so  you  can  tell  at  a  glance  what  the  oil  level  is.    However,  some 
turbines  do  npt  have  a  sight  gage  so  the  oil  must  be  measured  before  it  is 
poured  into.tlje  turbine  unit.    For  this  you  have  to  use  a  measuring  cylinder 
(figure  l).{y"tt  is  graduated  in  Cubic  Centimeters  (CCs).    Some  aircraft 
al30  use  a  dipstick  to  check  the  level  of  oil. 


A.  SYRINGE  DRAIN  PUUG 

B.  FILLER  HOLE  E.  SIGHT  GAGE 

a  FILLER  PLUG  MEASURING  CYLINDER 

Figure  1.    Turbine  Servicing. 

Oil  is  changed  every  so  many  flying  hours.    This  again  varies  from 
aircraft  no  aircraft  and  you  must  look  in  the  TO  for  the  exact  time. 

Important  Note:  Never  overfill  the  turbine  unit  when  adding  oil.  It- 
is  just  as  bad  to  overfill  a  turbine  as  it  is  to  underfill  one.  Over 
filling  will  cause  oil  smoke  to  get  into  the  cabin. 

Note:    Check  (/)  the  following  statements  that  are  true. 

1.    The  correct  amount  of  oil  used  in  a  turbine  is  found  in  the 
technical  order. 

  2.    Measuring  cylinders  are  graduated  in  CCs. 

  3.    The  oil  in  the  turbine  unit  is  changed  after  so  many  hours 

of  flying  time. 

4.    Never  overfill  the  turbine  unit. 


6 


ERIC 


841 


Answers  to  Frame  4:    1.  2-     /     3.     /     4.  / 


Frame  5 

Put  figure  6  away  and  fill  in  the  blanks  in  figure  2  below: 


© 
© 
© 
© 
© 


®_ 

©-_ 
®_ 


© 
® 
® 
® 
® 


Figure  2.     Oil  Sump  Type  Turbine. 
7 
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Refer  to  figure  5  at  the  back  of  the  text  for  the  answers  to  JPrame  5« 
Frame  6 

Now  let's  discuss  the  oil  pack  type  cooling,  turbine  that  is  shdl#ii  ift 
figure  3.    It"  is  much  the  same  as  the  oil  sump  type  that  we  have  jlist  dis- 
cussed with  the  exception  that  the  sump  is  packed  with  cotton • 

To  seryice  the  oil  pack  type  turbine  with  oil  you  will  have  to 
observe  the  following  procedures: 

1«  Remove  the  turbine  from  the  aircraft. 

2.  Tiikl  th3  plug  out  of  the  drain  hole* 

3.  Turn  the  turbine  so  the  drain  hole  is  ug^. 

4.  Add  the  amount  of  oil  that  the  TO  specified. 

5.  Allow  the  turbine  to  remain  in  that  position  for  20  to  30 
minutes.     (This  allows  the  oil  to  soak  into  the  cotton.) 

6.  Rotate  the  turbine  unit  so  the  drain  hole  is  down. 

7.  Allow  to  remain  in  this  position  for  20  to  30  minutes,  this 
drains  the  excessive  oil. 

8.  Install  drain  plug,  and  install  tutMne  in  the  aircraft. 

Note:    Check  (/)  the  statement (s)  tfifit  a*e  tree. 

  1.    The  oil  pack  type  turbine  is  lubricated  by  soaking  cotton  in 

the  sump  with  oil. 

.      2.    The  cotton  is  soaked  for  20  to  30  minutes. 

  3.    The  cotton  is  drained  for  20  to  30  minutes. 

  4.    The  oil  pack  type  turbine  is  basically  the  same  as  the 

sump  type. 

^      5.    The  oil  in  an  oil  pack  is  serviced  through  the  fill  hole  of 
the  unit. 

6.    The  amount  of  oil  is  specified  in  the  TO. 
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Frame  7 


Now  let's  discuss  the  compressor  type  turbine.    This  type  turbine  is 
much  the  same  as  the  last  two  with  the  exception  that  EBA  is  routed  through 
the  fan  and  turbine  wheel*    Consider  figure  4  as  we  discuss  the  airflow* 


Engine  Bleed  Air  enters  at  the  inlet  port  (a)  and  passes  through  the 
primary  heat  exchanger  (b).    The  air  then  enters  the  compressor  end  of  the 
turbine  assembly  (e)  where  the  pressure  is  increased*    The  air  then  passes 
through  the  secondary  heat  exchanger  (c)  for  a  further  reduction  of  tempera- 
ture.   Then,  the  air  enters  the  turbine  wheel  where  the  air  is  cooled 
further  by  rapid  expansion  and  then  routed  to  the  cooling  air  outlet  (d) . 

Note:    Check  (/)  the  following  statements  that  are  true* 

1*    Engine  Bleed  Air  is  routed  to  both  the  compressor  and  the 
turbine  wheel  in  a  compressor  type  turbine. 

  2*    The  compresjor  end  of  the  turbine  assembly  compresses  air. 

  3*    The  turbine  wheel  by  rapid  expansion  cools  the  engine  bleed 

air  in  a  compressor  type  turbine. 

  ^*    Compressor  type  turbines  are  much  the  same  as  a  sump  type 


k.  COM#«mC&  AIR  INLCT 
i.  AHI-TO^AIII  MUX 

tXCHAHtOI 
C.  Alfl*TO«iUllt«EAT 

EXCHANSCR 


&  COOUtO  Am  OUTLCT 
r  TUMtMC  COMWtHOH 

Assmtiv 


Figure  4.    Turbine  Compressor  Cooling  System* 


turbine. 
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Answers  to  Frame  7:    1.  2*  3.    /     A.  / 


Frame  8 

The  variable  nozzle  turbine  is  the  only  cooling  turbine  that  maintains 
a  constant  speed.    As  you  can  see  in  figure  5  below,  the  wider  open  the 
nozzxe  blades  (a)  are  the  faster  the  turbine  wheel  will  rotate.    The  further 
closed  the  nozzle  blades  are,  the  slower  the  turbine  wheel  will  rotate.  An 
actuator  opens  and  closes  the  nozzle  blades.    In  this  way  the  turbine  can 
be  made  to  run  at  a  constant  speed  of  approximately  A3, 000  revolutions  per 
minute  (rpm).    This  allows  a  constant  supply  of  refrigerated  air  to  the 
cockpit. 


A  MAXIMUM  OPEN 
POSITION 


Bminimum  open 
position  (normal) 


A.  NOZZLE  BLADES       B.  INNER  RING       C  OUTER  RING 

Figure  5.    Variable  Inlet  Nozzlas. 
Note;    Check  (/)  the  statements  that  are  true, 

_  1.    Closing  the  nozzle  blades  decreases  the  speed  of  the  turbine 
wheel. 


The  variable  nozzle  turbine  keeps  a  constant  speed  by  changing 
the  position  of  the  nozzle  blades. 

Opening  the  nozzle  blades  decreases  the  speed  of  the  turbine 
blades. 


Keeping  the  turbine  wheel  at  a  constant  speed  maintains  a 
steady  supply  of  conditioned  air  to  the  cockpit. 
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Answers  to  ^j$m  St    1.    /     2.  j/^  3.  ^       4#  _/ 


Ptaae  9 

This  cdlq>let«8  the  <llscttS8i6ti  on  the  Midi  tjr^eii  of  coollrt^  tutiiities 
uded  in  aircraft  system*    j&ef6te  ^  ddie  &h«f€t  is  oile  if  try  i#cff^atit 
tiling  to  renettbet        nel^er  6Vetfilll  £hc  feufblne  unit  ^itii  oil.  the 
bearings  on  an  ovetfilled  tutblne  tmlc  seisfe  fifcrt^r  thah  one  witlt  toe 
little  oil  ^n.lt* 

Ko  Response  Ib^aif^ 
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cd  turbine  wheel 

slinger  ring 
(a)oil  sump 

(a)  WICK  

(5)  BLANKET 


®   

(j)  RAM  AIR  INLET 

(a)  pre-load  spring 

®  BEARING  

(i)  LABYRINTH  SEAL 


(11)  NOZZLE  RING 

©  COLD  AIR  OUTLET 
(13)  LABYRINTH  SEAL 

(if)  BEARING  

(is)  SHAFT  


Figure  6.     Oil  Sump  Type  Turbine. 
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Frame  1 

The  windshield  clearing  system  is  made  up  of  two  small  systems: 
(1)  the  rain  removal  system  and  (2)  the  windshield  wash  system  The 
rain  removal  system  will  keep  the  windshield  free  of  rain  so  the  pilot's 
view  is  not  obstijucted.    The  windshield  wash  system  is  used  to  remove 
film,  insects,  and  fbreign  material.    In  this  text  each  system  will  be 
discussed  separately,  then  how  they  work  together. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

 1.    Two  smaller  systems  make  up  the  windshield  clearing  syscem. 

 2.    The  rain  removal  system  keeps  the  windshield  free  of  rain. 


_3.    Insects  on  the  windshield  are  removed  by  the  windshield  wash 
system. 
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CORRECT  RESPONSES  TO  FRAME  1:    1.  T 


2. 


3. 


Frame  2 


The  rain  removal  system  directs  a  blast  of  hot  air  over  the 
windshield.    The  hot  air  is  sent  through  ducts  to  two  rain  removal 
shutoff  valves.    When  these  valves  are  opened,  air  is  directed  throuph 
fixed  nozzles.    The  noz^Aes  are  found  at  the  front  of  each  wlndshlold. 
tigure  1.    The  rain  removal  nozzles  have  long  slots.    These  slots 
discharge  air  in  an  upward  direction  across  the  windshield.  The 
slots  are  open  and  will  collect  rain  when  the  system  is  not  in  operation. 
A  gravity  water  drain  is  put  in  the  nozzles  to  keep  water  from  accumu- 
lating xn  the  air  supply  ducts  and  nozzle  assembly.    The  water  drain 
has  a  spring  type  diaphragm  that  will  shut  off  during  nozzle  operation. 
This  is  to  stop  hot  air  leakage. 


1. 

2. 
3. 

4. 


Complete  the  statements. 

Air  for  rain  removal  is  taken  from  the 
system. 


There  are 
The 


rain  removal  shutoff  valves. 


shutoff  valves. 
The  drain  assembly  is 


_  receive  ai-  directly  from  the  rain  removal 
.   operated. 
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CORRECT  RESPONSES  TO  FRAME  2:     i.  llol  Air      2 .  Two  No ^.zlcs 

4.  Gravity 


Frame  3 


Look  at  figure  2.    Air  for  ruin  removal  comes  from  the  hot  air 
system.    The  hot  air  .system  temperature  is  controlled  .it  390° F. 
Temperature  is  controlled  by  a  mix  of  cool  air  from  the  air-to-air 
heat  exchanger  (1)  with  hot  air  from  the  hot  air  temperature  control 
valve  (2)  at  point  A.    This  air  is  kept  at  a  pressure  of  45  psi  by 
the  hot  air  pressure  regulator  (3).    When  the  rain  removal  system 
is  operated,  a  large  flow  of  air  is  required  to  maintain  45  psi  and 
control  the  temperature  at  390°F.    This  will  cause  an  additional 
demand  on  the  air-to-air  heat  exchanger  to  cool  the  air.    To  fix 
this  problem  an  additional  set  of  ejector  nozzles  (4)  and  an  ejector 
valve  (5)  are  used.    When  the  rain  removal  system  is  turned  on  the 
ejector  valve  will  open.    Air  will  pass  through  the  ejector  nozzles 
and  make  a  low  pressure  area  in  the  ram  air  duct.    The  low  pressure 
area  is  downstream  of  the  heat  exchanger.    The  result  is  an  increase 
in  ram  air  flow  across  the  heat  exchanger. 

Complete  the  statements. 
1.      The  ejector  valve  will  increase  the  effectiveness  of  the 


The 


is  open  during  rain  removal 


operation. 

3.  The  temperature  of  the  air  used  for  rain  removal  is 

4.  The  pressure  of  the  air  used  for  rair  removal  is 
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Figure  3, 
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CORRECT  RESPONSES  TO  FRAME  3.    1.  Heat  exchanger      2.  Ejector  valve 


3-  390''F     4.  45  psl 

Frame  4 


There  ara  two  rain  removal  shutoff  valves  and  a  bleed  air  elector 

l^TJi/^l^'V '^°ntrolled,  pneumatically 
actuated  shutoff  valves.    They  are  opened  by  placing  the  windshield 
selector  switch  (figure  3)  to  the  L  (left).  R  (right),  or  BOTH  positions. 

T^JnT  """"  position  for  the  s^stem 

to  work.    When  the  rain  removal  switch  is  in  RAIN  REMOVAL,  the  solenoids 
of  the  rain  removal  shutoff  valves  and  the  bleed  air  ejector  shutoff  valve 
are  energized.    This  will  cause  the  valves  to  open  pneumatically.  Thl 
rain  removal  shutoff  valves  can  be  closed  in  two  ways.    The  first  w.  •  is 
to  place  the  rain  removal  valve  switch  to  the  OFF  position.    This  will 

^^^^^  ^^"^  ^^1^^-     The  other  way  is  by  the 

windshield  thermal  overheat  switch.    The  switch  is  normally  open  and  is 
found  in  the  hot  air  supply  duct.     It  is  upstream  of  the  rain  removal 
shutoff  valves     When  in  normal  operation  and  the  air  temperature  gets 
above  /,45  F.  the  windshield  thermal  overheat  switch  will  close.    This  will 
cause  the  overheat  relay  to  «,nergize  and  the  WINDSHIELD  HOT  lamp  in  the 
cockpxt  will  light.    The  solenoids  of  the  rain  removal  shutoff  valves 
will  be  deenergized  and  cause  the  valves  to  close.    When  there  is  en 
overheat  condition,  the  bleed  air  ejector  shutoff  valve  will  stay  .pen. 
This  will  cause  sreater  cooling  through  the  air-to-air  heat  exchanger 
The  purpose  is  to  return  the  hot  air  system  temperature  to  normal.  When 
the  temperature  drops  below  445°F  the  rain  removal  system  will  work 
normally  again. 

Answer  the  statements  as  true  (T)  or  false  (F). 

 ^1.    The  rain  removal  shutoff  valves  are  opened  by  the  WINDSHIELD 

CLEAR  BUTTON. 


2.  There  are  two  means  of  closing  the  rain  removal  shutoff  valves. 

3.  The  secondary  means  of  closing  the  rain  removal  shutoff  valves 
is  to  place  the  rain  removal  switch  to  OFF. 

4.  The  overheat  switch  sends  power  to  close  the  rain  removal 
shutoff  valves  at  390''F. 
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CORRECT  RESPONSES  TO  FRAME  4:    1.      F         2.      T         3.      F        4.  F 
Frame  5 

The  second  part  of  the  windshield  clearing  system  is  the  windshield 
wash  systeir..    The  windshield  wash  system  will  operate  during  landing, 
takeoff,  and  when  the  aircraft  is  waiting  for  takeoff.    The  windshield 
wash  and  rain  removal  systems  must  not  be  used  at  supcsrsonic  speeds. 
Poor  air  conditioning  and  over temperature  conditions  could  exist 
due  to  high  bleed  air  temperatures. 

Answer  the  statements  as  true  (T)  or  false  (F). 

 ^1.    The  windshield  wash  system  is  designed  for  operation  during 

takeoff.  * 

 2.    The  wash  system  may  be  operated  at  any  time. 

.  3.    The  windshield  wash  is  a  part  of  the  windshield  clearing  system. 
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Frame  6 

Both  the  windshield  wash  and  rain  removal  systems  are  used  to  wash 
the  ^Indshield.    The  windshield  wash  system  will  send  the  wash  solution 
to  the  windshield  at  15  psi  pressure.    This  pressure  will  not  be  enourh 
to  force  the  solution  over  the  entire  windshield.    Pressure  from  the- 
rain  removal  system  is  used.    A  blast  of  45  psi  of  hot  air  from  the 
rain  removal  nozzles  will  force  the  solution  over  the  whole  windshield 
The  mix  of  the  hot  air  and  wash  solution  will  make  the  cleaning  action. 

Answer  the  st,ateraents  as  true  (T)  or  false  (F) . 

 ^1.    The  windshield  wash  system  does  operate  with  the  rain  removal 

system. 

 2.    A  flow  of  air  from  the  rain  removal  nozzles  forces  the  wash 

solution  across  the  windshield. 

 3.    The  windshield  wash  system  needs  the  air  used  for  rain  removal 

for  operation. 

 ^4.    The  rain  removal  system  and  windshield  wash  systen  operate  at 

the  same  time. 
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CORRECT  RESPONSES  TO  FRAME  5:     1.      T         2.      F         3.  T 

CORRECT  RESPONSES  TO  FRAME  6:     1.      T         2.      T         3.      T         4.  T 

Frame  7 

Look  at  figure  4.    The  wash  solution  is  stored  in  a  one  gallon  tank. 
To  force  the  solution  to  the  windshield  wash  nozzles,  pressure  is  applied 
to  the  top  of  the  solution  in  the  tank.    Air  for  head  pressure  is  taken 
downstream  of  the  service  air-to-air  heat  exchanger.    This  air  is 
regulated  to  15  psi  by  a  pressure  regulating  valve.    The  air  goes 
through  a  check  valve  (A)  and  to  the  wash  solution  tank.    A  20  psi 
safety  relief  valve  (B)  will  keep  pressure  from  building  up  too  high, 
should  the  pressure  regulator  fail.    The  washing  action  is  caused  by 
sei  ctmg  L,  R,  or  BOTH  on  the  windshield  selector  switch.    The  rain 
rauoval  switch  must  also  be  placed  in  the  wash  position.    When  this 
happens,  28V  DC  is  sent  to  the  windshield  wash  shutoff  valves  (C)  and 
the  ra,.  i  removal  shutoff  valves  that  will  cause  them  to  open.  Once 
either  or  both  of  the  windshield  wash  valves  are  open,  the  head 
pressure  forces  the  wash  solution  through  tubing  to  the  nozzles. 
The  45  psi  used  for  rain  removal  will  then  force  the  wash  solutior 
on  the  windshields  for  cleaning.    When  the  rain  removal  switch  is 
put  to  WASH,  a  time  delay  relay  is  energized.    This  timer  allows 
the  windshield  wash  system  to  operate  for  5  seconds.    If  the  pilot 
wants  more  cleaning,  the  rain  removal  switch  must  again  be  put  to 
the  WASH  position. 

Answer  the  statements  as  true  (T)  or  false  (F). 

 ^1.    The  wash  solution  is  stored  in  a  one  gallon  tank. 

 2.     The  head  pressure  of  the  tank  is  normally  15  psi. 

 ^3.    Only  one  side  of  the  windshield  can  be  cleared  at  a  time. 

 4.     The  45  psi  used  for  ra±n  removal  is  also  used  with  the  windshield 

wash  system. 

 ^5.     The  timer  relay  allows  the  windshield  wash  system  to  operate  for 

5  seconds  *^ 
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CORRECT  RESPONSES  TO  FRAME  7:     1.      T         2.      T         3.      F         4,  T 
5.  T 
Frame  8 

The  windshield  selector  switch  will  allow  the  selection  of  L,  R,  or 
BOTH  windshields  for  wash  or  rain  removal.    The  rain  removal  and  windshield 
wash  valves  are  energized  open.    \Jhen  the  selector  switch  is  put  to  the 
L  position  (figure  5A)  a  cam  on  the  bottom  of  the  switch  is  forced  to 
the  left.    This  will  open  the  contacts  for  power  to  the  right  rain  removal 
and  windshield  wash  valves.    The  same  procedure  happens  when  R  is  selected 
(figure  5B).    When  BOTH  is  selected  (figure  5C)  the  cam  will  stay  in  a 
neutral  position  and  will  allow  the  circuits  for  both  rain  removal  shutoff 
valves  to  be  completed. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

 1'    Positioning  the  windshield  selector  switch  to  R  breaks  the  power 

circuit  to  the  left  windshield  wash  and  rain  removal  valve. 

 2.    Positioning  the  windshield  selector  switch  to  BOTH  breaks  the 

power  circuit  to  the  left  and  right  windshield  wash  and  rain 
removal  valves. 

 Positioning  the  windshield  selector  switch  to  the  L  position 

completes  the  circuit  for  the  left  windshield  wash  and  rain 
removal  valves,  when  the  rain  removal  switch  is  in  rain  removal. 
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CORRECT  RESPONSES  TO  FRAME  8:     1,  ^     2,     F      3,  p 


(A) 


BOTH 


TO  RT 
R,R.  S/O/V 


FROM  FROM 
RT   C/8  LT  C/B 


TO  LT. 
R.R.  S/O/V 


BOTH 


(8) 


TO  RT 
R.R.  S/O/V 


FROM  FROM 
RT    C/B  LT  C/8 


TO  LT 

R.R.  S/O/V 


BOTH 


(C) 


TO  RT 
R.R.  S/O/V 


FROM  FROM 
RT    C/B  LT  C/B 


TO  LI 
R.R.  S/O/V 
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Environmental /Pneudraulic  Branch 
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C3ABR42331-WB-3n 


ADVANCED  FIGHTER-BOMBER  WINDSHIELD  CLEARING  SYSTEM 
COMPONENT  IDENTIFICATION,  OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OBJECTIVE 

Using  a  wiring  diagram  and  multimeter,  and  working  in  a  group  of 
not  more  than  two  students,  perform  an  operational  check  and  trouble- 
shoot  malfunctions  on  the  fighter -bomber  windshield  clearing  system 
trainer  locating  the  cause  for  4  of  5  malfunctions  given. 

EQUIPMENT 

Trainer  4024,  Advanced  Fighter-Bomber  Air  Conditioning  System 
Multimeter 

Wiring  Diagram,  Windshield  Clearing  System 
PROCEDURE 

1.  REMOVE  ALL  JEWELRY.    Report  to  the  laboratory  instructor 
and  tell  him  of  the  lesson  you  are  working  on.    The  instructor  will 
have  the  necessary  materials  and  trainer  for  your  use. 

2.  This  workbook  is  in  three  sections: 

I.  Location  and  identification  of  system  components. 
II.  Windshield  clearing  system  operational  check. 
III.  Troubleshooting  (trainer). 

SECTION  I 

LOCATION  AND  IDENTIFICATION  OF  COMPONENTS 

1.     Using  the  trainer  and  figure  1,  find  each  of  the  lettered 
parts.    Write  the  number  that  goes  with  the  name  in  the  blank  spaces. 


a.   AJ,r  source  switch. 

b.   Windshield  rain  removal  switch. 

c.   Windshield  overheat  simulation  switch. 

d.   Windshield  hot  siirmlation  light. 

e.    Windshield  anti-ice  control  panel. 

f .   Windshield  selector  switch. 
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Figure  1. 


1*  Using  the  trainer  and  figure  2,  find  each  of  the  lettered  parts. 
Write  the  number  that  goes  with  the  name  in  the  blank  space* 


a,  Right  windshield  wash  SOV. 

b,   Left  windshield  wash  SOV. 

c,    Right  rain  removal  SOV. 

d.   Left  rain  removal  SOV. 

e.  Windshield  overheat  sensor. 

f.  Fixed  nozzles. 


3.  Using  the  trainer  and  figure  3,  find  each  of  the  lettered  parts. 
Write  the  number  that  goes  with  the  name  in  the  blank  space. 


a.  Ejector  valve. 

b.    Hot  air  pressure  regulator. 

c.    Hot  air  temperature  control  valve. 

^*  ___  temperature  sensor. 

e.    Ejector  nozzle. 


Answers,  Figure  1.  Answers,  Figure  1. 


a.  4 


e. 


c.  3 


e.  2 
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a. 


I'-  _2_  b. 
6  c. 
5  d. 


e. 


f-      -_J_  f. 

Answers,  Figure  3. 

a.  4 

b.  1 


SECTION  II 

WINDSHIELD  CLEARING  SYSTEM 
OPERATIONAL  CHECK 


PROCEDURE 


Follow  the  step~by~step  procedure  for  operating  the  windshield 
clearing  system.    Be  sure  to  do  each  step  as  told.    If  you  can  not  do 
the  steps  tell  the  instructor. 


1.  Preparation 

a.  Find  the  wall  locker  in  the  F~lll  laboratory.    Get  the 
windshield  clearing  wiring  schematic  and  a  multimeter  from  the  locker, 

b.  Connect  the  trainer  electrical  leads,  located  on  the  left 
end  of  the  trainer,  to  the  wall  receptacles  behind  the  trainer, 

c.  Turn  on  the  trainer  air  source  located  behind  trainer, 

d.  Push  in  all  the  trainer  circuit  breakers. 


POSITION  THE  SWITCHES  AS  FOLLOWS 


• 


SWITCH 

LOCATION 

POSITION 

Trainer  switch 

Top  C/B  panel 

ON 

Circuit  breakers 

C/B  panel 

IN 

Turbine  bypass 
overtemperature 

Simulator  panel 

<  170°F 

Turbine  overtemperature 
switch 

Simulator  panel 

<  350°F 

Windshield  overheat 
switch 

Simulator  panel 

<  AA5°F 

Trouble  switch 

Left*  end  of  trainer 

Down  position 

Air  source  switch 

Air  conditioning  panel 

OFF 

RECHEaC  ALL  SWITCH  POSITIONS 


SWITCH 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Ground  air  source 
switch  ON 

f 

DEPRESS  the  left  engine 
start  switch  momentarily 

Pressure  regulating 
valve 

Hot  air  temp  coatrol 
valve 

Closed 
Closed 

DEPRESS  the  left  engine 
starter  overspeed  cutout 
switch  momentarily 

Pressure  regulating 
valve 

Hot  air  temp  control 
valve 

Open 
Open 

The  left  engine  is  running  so  there  is  no  need  for  the  ground  air  source. 
The  right  engine  will  be  started  with  bleed  air  from  the  left  engine. 

Ground  air  source  switch 
OFF 

DEPRESS  right  engine 
starter  switch  momentarily 

Pressure  regulating       !  Closed 
valve  » 

Hot  air  temp  control      \  Closed 
valve  1 

DEPRESS  right  engine 
starter  switch  momentarily 

Pressure  regulator         '  Open 
valve 

Hot  air  temp  control      :  Open 
valve  j 

1 

Air  source  selector  to 
BOTH 

1 

Left  and  right  bleed      j  Open 
air  check  and  shutoff  ! 
valves  1 

Note:    With  both  engines  running  and  the  air  source  swi«;ch  in  the 
both  position  there  is  air  for  the  windshield  clearing  system. 
On  the  windshield  clearing  system  panel  there  are  two  switches; 
RAIN  REMOVAL  SWITCH  and  the  W^mdsHIELD  SELECTOR  SWITCH.     The  rain 
removal  switch  has  three  positions,  RAIN  REMOVAL,  WASH  AND  OFF. 
The  windshield  selector  switch  has  three  positions,  L  (LEFT), 
BOTH  AND  R  (RIGHT). 
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SWITCH  POSITION 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Windshield  selector 
switch  to  BOTH 

Rain  removal  switch  to  the 
RAIN  REMOVAL  position 

Left  rain  removal  SOV 
Right  rain  removal  SOV 
Ejector  valve 

Open 

Simulated  Open 

Open 

Windshield  selector  switch 
to  LEFT 

Left  rain  removal  SOV 
Right  rain  removal  SOV 
Ejector  valve 

Open 

Closed 

Open 

Windshield  selector  switch 
to  RIGHT 

Ri.ght  rain  removal  SOV 
Left  rain  removal  SOV 
Ejector  valve 

Simulated  Open 

Closed 

Open 

Windshield  selector  switch 
to  BOTH 

Rain  removal  switch 
WASH  momentarily 

Left  windshield  wash 
SOV 

Left  rain  removal  SOV 

Right  windshield  wash 
SOV 

Right  rain  removal  SOV 
Ejector  valve 

Open  5  sec 

Open  5  sec 
Simulated  Open  5  sec 

Simulated  Open  5  sec 
Open  5  sec 

Windshield  selector  switch 
to  LEFT 

Rain  removal  switch  to 
WASH  momentarily 

Left  windshield  wash 
SOV 

Left  rain  removal  SOV 
Ejector  valve 

Open  5  sec 

Open  5  sec 
Open  5  sec 

Windshield  selector  switch 
to  RIGHT 

Rain  removal  switch  to 
WASH  momentarily 

Right  windshield 
wash  SOV 

Right  rain  removal  SOV 
Ejector  valve 

Simulated  Open  5  sec 

Simulated  Open  5  sec 
Open  5  sec 

11 
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j    SWITCH  POSITION 

1 

1   ^_ 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Windshield  selector 
switch  to  BOTH 

Rain  removal  switch 
to  RAIN  REMOVAL 

Left  rain  removal  SOV 

1\J»^ILL.     Lcll.Il     LClUUVclX    OU  V 

Ejector  valve 

Open 

oimui.auea  upen 
Open 

Note:    The  windshield  overheat  sensor  protects  the  windshield  by  shutting 
off  BOTH  rain  removal  SOVs  during  the  overheat  condition*    It  also  lights 
the  windshield  hot  light  on  the  caution  panel.     The  windshield  wash 
system  is  partially  inoperative  because  there  isn't  any  rain  removal* 
We  can  simulate  a  windshield  overheat  condition  on  the  simulation  panel. 

Windshield  overheat      |  Right  rain  removal  SOV 
simulation  switch 

to  >  AAS^'F                     1  Left  rain  removal  SOV 

'  Windshield  hot  light 

Closed 
Closed 
ON 

i 

Rain  removal  switch 
to  WASH  momentarily  ' 

1 

\ 

i 

l 

J 

Right  windshield  wash 
SOV 

Left  windshield  wash 
SOV 

Ejector  valve 

Right  and  left  rain 
removal  SOV 

Open  5  sec  Simulated 
Open  5  sec 

Open  5  sec 

Closed  because  of 
windshield  overheat 
condition 

Windshield  overheat 
switch  to  <  AAS^'F 

1 

Windshield  hot  light 

OFF 
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SECTION  III 


TROUBLESHOOTING  (TRAINER) 


For  this  part  of  the  project  you  will  be  given  five  malfunctions 
to  troubleshoot  in  lab  109.    Of  the  five  troubles  given,  you  must  locate 
four  of  them  correctly-    Tell  the  instructor  you  are  now  ready  to 
troubleshoot.    He  will  give  you  an  AFTO  Form  781A  which  lists  five 
malfunctions.    Put  a  trouble  switch  to  the  ON  position  and  troubleshoot 
until  you  find  the  malfunction.    Complete  the  781A  by  listing  the 
corrective  action  and  iiaking  all  other  entries  as  required. 
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Environmental/Pneudraulic  Branch 
Chanute  AFB,  Illinois 


C3ABR42331~WB-311A 
2  July  L982 


FIGHTER/BOMBER  WINDSHIELD  CLEARING  SYSTEM 

OBJECTIVE 

Using  a  wiring  diagram,  specify  eight  of  ten  causes 
for  system  malfunctions  in  the  fighter  bomber  windshield  clearing 
system. 

PROCEDURE 

Turn  to  foldout  1,    This  is  the  wiring  diagram  of  the  windshield 
clearing  system.     Use  the  colored  pencils  and  the  instructions  given 
in  each  step  to  trace  the  circuits.     Foldout  1  will  be  used  for  each 
step  in  the  project. 

Step  1 

Use  a  red  pencil  to  trace  the  following  circuits.     Start  at  CBIO, 
and  trace  wire  H401A22  to  pin  H  on  the  control  panel.    From  there, 
trace  the  wire  to  junction  U»    At  junction  U  the  circuit  parallels 
to  4  on  the  right  windshield  selector  switch  and  to  XI  of  the  XKl  relay. 
This  is  the  CBIO  circuit.    Start  at  CBll  and  trace  wire  H402A22  to  pin 
J  on  the  control  panel.    From  chere,  trace  the  wire  to  3  on  the  left 
of  the  windshield  selector  switch,  and  stop.    This  is  the  CBll  circuit. 
Start  at  CB12  and  trace  wire  H400A22  to  pin  A  of  the  windshield  over- 
heat thermal  switch.    Go  to  CB12  again  and  trace  wire  H400B22  to  pin  K 
of  the  control  panel.     From  there,  trace  this  wire  to  A2  of  the  XK2 
relay.    This  completes  the  main  "power"  circuits  (CBIO,  CBll,  CB12) . 

Step  2 

The  reason  for  not  tracing  to  the  coil  of  the  XKl  relay  is 
because  the  coil  does  not  normally  have  a  ground.    XKl  relay  has  a 
ground  just  when  the  TD  relay  is  energized.    This  ground  wire  goes 
to  the  relay  and  is  hooked  to  a  box  marked  TD.    Another  wire  comes 
out  of  this  box  and  then  goes  to  F2.    TD  is  for  "TIME  DELAY".  The 
"TIME  DELAY"  circuit  is  just  closed  for  5  seconds.     For  the  time  this 
circuit  is  in  operation,  the  switch  below  the  coil  is  pulled  to  the 
right  to  make  a  circuit  through  the  coil  to  X2  and  then  to  ground. 
This  action  will  make  a  ground  for  the  coil.    The  power  that  was 
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at  XI  now  has  a  ground  and  will  energize  the  coil  that  will  draw  the 
upper  contacts  down.    After  5  seconds  the  switch  moves  to  its  original 
position  and  again  the  coil  has  no  ground •    The  contacts  above  the 
coil  will  also  move  back  to  their  original  positions •    This  5  second 
delay  is  used  to  control  the  windshield  wash  cycle. 

Step  3 

The  next  circuit  is  for  rain  removal  action  over  both  v/indshields. 
Use  a  blue  pencil  to  trace  this  circuit.    The  power  circuits  have 
already  been  traced  to  3  and  4  of  the  windshield  selector  switch. 
Trace  from  3  through  the  switch  to  the  wire  junction.    From  the  junction 
trace  to  the  right  of  A2  and  B2  of  relay  XKl,    Relay  XKl  is  deenergized* 
Go  back  to  the  junction  and  trace  to  the  left  and  to  the  next  junction. 
From  this  junction  follow  the  wire  through  the  coil  of  relay  XK3,  Show 
the  contacts  energized.    From  the  last  junctr'.on  traced,  go  to  the  left 
and  show  power  at  the  lower  contact  of  the  windshield  and  rain  removal 
switch.    The  rain  removal  switch  has  been  placed  to  RAIN  REMOVE.  Power 
goes  through  the  lower  switch  to  the  upper  contact  and  then  to  the 
second  junction.    From  this  junct.on,  power  goes  to  the  left  to  contact 
Al.    Keep  in  mind,  XK3  relay  has  been  energized,  so  draw  in  the  circuit 
from  Al  to  A2.    From  there,  trace  to  the  bleed  air  ejector  valve  and 
then  to  grouud*    Return  to  the  junction  connected  to  Al.    Go  up  a  little, 
to  find  another  junction.    From  here  trace  power  to  B2  of  relay  XK2. 
3ince  this  relay  is  not  energized,  trace  power  to  B3  of  relay  XK2  and 
then  to  P  of  the  control  panel.    From  here  trace  power  to  the  right 
rain  removal  shutoff  valve  and  then  to  ground.    The  right  rain  removal 
shutoff  valve  is  now  open. 

Step  4 

The  circuit  through  the  left  windshield  selector  switch  has  been 
drawn.    Trace  power  from  4  on  the  right  windshield  selector  switch 
to  the  wire  junction.    Go  to  the  right  and  show  power  at  switches  C2 
and  D2  of  the  XKl  relay.    Go  back  to  the  junction  and  trace  to  the  left 
and  to  the  upper  contact  of  the  rain  removal  switch.    The  rain  removal 
switch  is  in  RAIN  REMOVE,  so  trace  to  the  upper  contact.    From  here 
trace  to  the  first  junction  and  down  to  the  next  junction.    From  here 
to  the  right  and  to  the  left  rain  removal  shutoff  valves,  and  then  to 
ground.    The  left  rain  removal  shutoff  valve  is  now  open.    This  completes 
the  entire  circuit  when  the  rain  removal  switch  is  placed  to  RAIN  REMOVE 
and  the  windshield  selector  switch  is  placed  to  BOTH. 

Step  5 

The  following  circuit  will  show  how  both  windshields  are  washed. 
Use  a  GREEN  pencil  to  trace  this  circuit.    The  power  circuits  (in  red) 
have  been  traced  to  3  and  4  of  the  windshield  selector  switch.  Start 
at  3  of  the  left  switch,  trace  to  the  wire  junction.    From  the  wire 
junction,  go  to  the  right  and  show  power  at  A2  and  B2  of  the  XKl 
relay.    Go  to  the  left  of  the  junction  to  the  next  junction.  From 
this  point,  trace  the  wire  that  goes  down.    Trace  it  to  the  coil  of 
the  XK3  relay  and  then  to  ground.    Draw  the  contacts  down.    Go  back  ■ 
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to  the  last  junction  and  continue  to  the  left  to  the  windshield  wash 
and  rain  removal  switch.    For  the  circuit  to  wash  both  windshields, 
trace  from  the  lower  switch  to  the  lower  contact,  from  the  lower 
contact  to  Bl  of  the  XK3  relay.    This  relay  is  energized.    Trace  from 
Bl  to  B2  of  the  XK3  relay.    From  XK3  relay  to  F2  of  the  XKl  relay. 
Keep  in  mind  what  the  TD  represents.    If  not,  go  back  and  refresh  your 
memory.    From  F2  of  XKl,  power  will  go  in  the  box  marked  TD,  then  out 
the  other  side  to  X2  and  then  to  ground.    This  is  the  time  delay  circuit 
that  holds  for  5  seconds.    Circuit  power  can  now  go  from  XI  of  the  XKl 
relay  through  the  coil  to  ground.    This  action  energizes  the  XKl  relay. 

Step  6 

With  the  XKl  relay  energized,  the  contacts  are  forced  down. 
Power  that  is  at  A2  and  B2  can  now  cause  current  to  flow.    Trace  from 
A2  to  Al  and  from  Al  to  M  of  the  control  panel,  then  to  the  right 
windshield  wash  shut off  valve  and  to  ground.    Trace  from  B2  to  Bl  of 
the  XKl  relay,  then  from  Bl  to  the  first  junction.    From  the  junction 
trace  to  the  left  to  Al  of  the  XK3  relay.    This  relay  is  energized. 
Go  from  Al  to  A2  tc  G  of  the  control  panel.    From  G,  trace  to  the 
bleed  air  ejector  valve  then  to  ground.    Go  back  to  the  last  junction 
that  led  to  Al  of  the  XK3  relay.    From  here  go  up  to  the  next  junction. 
From  this  junction  go  to  the  right  to  B2  of  the  XK2  relay.    This  relay 
is  not  energized.    Go  from  B2  to  B3  then  on  to  P  of  the  control  panel. 
From  P  of  the  control  panel,  trace  to  the  right  rain  removal  shutoff 
valve  then  to  ground.    This  completes  the  circuit  just  for  the  right 
side. 

Step  7 

Now  trace  the  circuit  that  will  show  operation  of  the  left  side 
of  the  rain  removal  system.    Start  at  4  and  trace  through  the  right 
switch,  down  to  the  first  junction.    From  the  junction  go  down  to  C2 
and  D2  of  the  XKl  relay.    The  coil  of  this  relay  is^  energized.  Trace 
from  C2  to  Cl  and  to  the  next  junction.    From  this  junction  go  to  the 
right  to  C2  of  the  XK2  relay.    This  relay  is  not  energized.    Trace  from 
C2  to  C3  then  to  N  of  the  control  panel.    From  N,  trace  to  the  rain 
removal  shutoff  valve  and  to  ground.    Go  back  to  D2  of  the  XKl  relay 
and  trace  from  D2  to  Dl  and  then  to  L  of  the  control  panel.    From  L, 
trace  to  the  left  windshield  wash  shutoff  valve.    This  circuit  is  now 
complete.    Both  windshields  are  now  being  washed.    Keep  in  mind,  the 
time  delay  (TD)  of  the  XKl  relay  is  just  for  5  seconds.    When  this 
time  is  up,  the  coil  of  the  XKl  will  not  have  a  ground.    With  no  ground 
the  relay  deenergizes  and  pushes  the  contacts  up.    This  action:  (a) 
closes  the  right  windshield  wash  shutoff  valve;  (b)  closes  the  right 
rain  removal  shutoff  valve;  (c)  closes  the  left  rain  removal  shutoff 
valve  and  (d)  closes  the  left  windshield  wash  shutoff  valve. 
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Step  8 


Both  the  windshield  wash  and  the  windshield  rain  removal  systems 
are  on  the  wiring  diagram.    The  last  circuit  that  will  be  shown  Is 
the  windshield  overheat  circuit •    Use  a  black  pencil  for  this  circuit. 
If  the  temperature  of  the  air  is  more  than  445^F,  due  to  too  much  hot 
air  in  the  supply  system,  then  the  normally  open  windshield  overheat 
thermal  switch  will  close.    This  action  will  make  a  circuit  from  B  of 
the  overheat  switch  to  the  coil  of  XK2  relay.    When  this  happens  the 
contacts  are  pulled  down.    This  breaks  the  circuit  to  the  right  rain 
removal  valve  at  B3  of  the  XK2  relay.    Energizing  this  relay  will  also 
cut  power  to  the  left  rain  removal  shutoff  valve.    The  energized  relay 
will  also  complete  a  circuit  from  A2  to  Al  of  the  XK2  relay,  to  the 
WINDSHIELD  HOT  caution  light  in  the  cockpit.    When  the  temperature  of 
the  air  is  less  then  445*"?,  the  thermal  switch  opens.    The  system 
returns  to  normal  operation. 

Step  9 

There  are  10  circled  numbers  on  foldout  1  that  indicate  opens  or 
shorts  in  a  circuit.    Below  are  10  statements  of  troubles  in  the  wind- 
shield clearing  system.    Read  the  statement  and  select  the  trouble 
number  that  could  cause  the  conditions  given, 

!•  Windshield  wash  system  inoperative, 

2*  .  Left  rain  removal  shutoff  valve  and  bleed  air  ejector 

valve  will  not  work  when  left  rain  removal  is  selected. 

3*  .  Bleed  air  ejector  will  not  work  in  left  rain  removal, 

^*  .  Left  windshield  wash  valve  inoperative, 

5*  .  Windshield  hot  light  will  not  work  in  an  overheat 

condition, 

6-  .  Rain  removal  system  is  inoperative  and  hot  light  remains 

on  at  all  times. 

7.  .  Bleed  air  ejector  valve  and  right  rain  removal  shutoff 

valve  remain  closed  when  wash  is  selected. 

8*  .  Rain  removal  shutoff  valves  remain  open  during  overheat 

and  windshield  hot  light  will  not  illuminate, 

9*  .  Left  rain  removal  shutoff  valve  and  bleed  air  ejector 

valve  will  not  work  when  left  windshield  wash  is  selected. 

10-  •  Time  delay  relay  is  inoperative  during  right  windshield 

wash. 
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CBIO  LEFT  WINDSHIELD  WASH 
y^AND  RAIN  REMOVAL 


EXTERNAL  ENVIRONMEiSTTAL  CONTROL  PANEL 


CBII  RIQHT  WINDSHIELD  WASH 
✓"^^AND  RAIN  REMOVAL 

CBI2 


BLEED  AIR 
EJECTOR  VALVE 


Foldout  1. 
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OBJECTIVE 

Relate  the  components  of  Air  Control  units  to  their  operation 
with  80%  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  siaall  steps  called 
"frames."   After  reading  each  frame,  you  are  expected  to  respond  by 
choosing  either  TRUE  or  FALSE.    DO  NOT  MARK  IN  THIS  TEXT. 

Read  the  material  presented,  select  your  response  to  the  question, 
and  indicate  your  response  on  the  response  sheets.    After  you  respond 
to  the  question,  compare  your  answer  with  the  one  given  on  the  top 
of  the  next  frame.    If  your  answer  is  wrong,  read  the  frame  again. 


Supersedes  3ABRA2331-PT-312,   3  March  1981. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;    DAV  -  1 
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Frame  1 


• 


The  three  main  types  of  air  contr^^l  v.ij.ves  that  are  discussed  in 
this  text  are  air  check  valves,  electric  motor  operated  valves,  and 
pneumatic  actuated  valves* 

Let's  first  look  at  the  air  check  valves.    They  vary  in  size  from 
about  one  inch  ir  diameter  (used  in  small  air  lines)  to  5  inches  in 
diameter  used  in  air  supply  lines •    However,  no  matter  how  large  or 
small  the  check  valves  are,  they  all  are  used  for  the  same  purpose. 
They  prevent  the  reverse  flow  of  air.    In  other  words,  they  allow  air 
to  flow  in  one  direction  only.    There  is  an  arrow         on  the  valve 
housing  to  show  you  which  direction  to  install  the  valve.    Always  install 
the  valve  with  the  arrow  pointing  in  the  direction  of  airflow. 

You  can  see  what  would  happen  if  the  check  valve  was  installed  in 
the  system  the  wrong  way.    That's  right--no  airflow. 


Chack  Valve      Normal  Airflow. 


Check  Valve  -  Reverse  Airflow, 


Note:    Determine  which  of  the  following  statement (s)  are  true 
and  which  are  false, 

1,  The  purpose  of  the  check  valve  is  to  prevent  reverse  flow  of  air, 

2,  Always  install  the  valve  with  the  arrow  in  the  direction  of 
airflow, 

3.  It  doesn't  matter  which  way  a  check  valve  is  installed  in  the 
system, 

4.  No  matter  ho\7  large  a  check  valve  is,  it  has  thft  same  purpose 
as  a  small  one. 
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CORRECT  RESPONSES  TO  FRAME  1:    1.    T         2,    T         3,    F         4-  T, 


Frame  2 

We  will  now  look  at  electric  motor  act\iated  valves  •    These  valves  are 
of  different  types  and  are  iised  for  different  systems.    Some  different 
types  of  electric  motor  actuated  valves  are  the  butterfly,  spoon  and 
sliding  gate.    All  these  valves  are  driven  by  an  electric  motor.  As 
environmental  systems  repairmen  we  are  mainly  concerned    Lth  the  butter- 
fly type  valve.    The  butterfly  val^'cs  can  start  and  stop  airflow,  such 
as  a  shutoff  valve.    They  are  also  used  to  slow  alrfla^,  such  as  a 
modulating  valve.    Modulating  valves  can  be  stopped  anywhere  between  full 
open  or  full  closed. 


Internal  View,  Butterfly  Valve  Open  External  View  of  Valve. 


Electric  Motor  Actuated  Valve. 

Note:    Determine  which  of  the  following  statement(s)  are  true 
and  vrhlch  are  false. 

1.  Electric  motor  actuated  valves  cannot  be  stopped  between  full 
open  and  full  closed. 

2.  Shutoff  valves  are  used  to  start  and  stop  airflow. 

3.  Electric  motor  actuators  can  operate  various  types  of  valves. 

4.  Modulating  valves  can  be  stopped  anywhere  between  full  open 
and  full  closed  position. 
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Frame  3 


Let^s  take  a  look  at  the  power  requirements  of  some  of  the  electric 
motor  actuated  valves.    The  electrical  power  used  by  most  of  the  valves 
is  either  28  volts  DC;  115  volts  AC,  400  Hertz,  single  phase;  or  230 
volts  AC,  AOO  Hertz,  three  phase.    You  can  see  there  are  valves  with 
various  voltages.    One  way  you  can  find  out  what  electrical  power  a 
valve  needs  is  to  look  on  the  data  plate  attached  to  the  valve.    If  the 
information  is  not  on  the  data  plate  look  in  the  technical  order  for  the 
valve.    The  parts  of  a  typical  valve  are  identified  in  the  illustration. 


Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false. 

1.  There  are  several  voltages  that  car  be  used  for  power  in  electric 
motor  actuated  valves. 

2.  There  is  only  one  limit  switch  in  each  motor  actuator. 

3.  Another  name  for  a  motor  is  an  actuator. 

4.  Power  requirements  ^or  valves  can  be  found  in  technical  orders. 


:  H    HEAT  SH.EID 

D    POSITION   INDICATOR  I    AN  CONNECTOR 
E    lUTTERFLY  VALVE  (OPEN) 

Electric  Motor  Actuated  Butterfly  Valve. 
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CORRECT  RESPONSES  TO  FRAME  2:  !•  F  2,  T  3-  T  4,  T, 
CORRECT  RESPONSES  TO  FRAME  3:  1-  T  2.  F  3*  T  4,  T, 
Frame  4 

Let's  go  into  the  function  of  the  parts  of  an  electric  motor  actuated 
valve.    Follow  the  diagram  below  as  you  go  along. 

The  motor  (c)  is  tised  to  drive  the  gear  train*    The  gear  train  drives 
the  actuating  cam  (g)  and  position  indicator  (d)  .    The  actuating  cam  con- 
tacts the  limit  switches •    Limit  switch  (a)  stops  the  motor  when  the 
butterfly  valve  (e)  is  in  the  full  open  position.    Limit  switch  (b)  stops 
the  motor  when  the  buterfly  valve  is  in  the  full  closed  position*  The 
gear  train  is  used  to  increase  torque  of  the  motor.    The  position  indi- 
cator is  used  to  save  you  time  as  a  mechanic.    It  tells  you  at  a  glance 
what  position  the  butterfly  valve  is  in,  without  having  to  remove  it 
from  the  aircraft. 


A.  OPEN  LIMIT  SWITCH  f.  VALVE  HOUSING 

i.  CLOSC  LIMIT^  SWITCH  G.  ACTUATING  CAM 

C.  MOTOR    '         '  H.  HEAT  SHIELD  " 

0.  POSITION  INDICATOR  I.  AH  CONNECTOR 
E^BUTTCRPLY  VALVE  (OPEN)^ 


Electric  Motor  Actuated  Valve. 

Note:  Determine  which  of  the  following  statement(s'^  are  true  and 
which  are  false. 

1.  The  motor  drives  the  gear  train,  actuating  cam,  and  position 
indicator. 

2.  Both  limit  switches  are  contacted  at  the  same  time. 

3.  The  gear  train  increases  the  torque  of  the  motor. 

4.  The  mechanic  can  tell  what  position  the  butterfly  valve  is 
in  by  looking  at  the  position  indicator. 
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Frame  5 


Pneumatic  actuated  valves  are  actuated  by  air.    There  are  two 
main  types  of  pneumatic  actuated  valves;  piston  or  diaphragm  operated. 
These  valves  are  used  in  the  bleed  air  system  to  control  airflow.  The 
two  major  components  are  the  actuator  and  the  butterfly.    A  fail-safe 
system  is  built  into  the  valve.    Fail-safe  means  the  valve  would  return 
to  the  original  position  (open  or  closed) ,  if  electrical  power  or  system 
pressure  failed.    Next  we  will  discuss  valve  controlling  devices. 


ACTUATOR 


Diaphragai  Actuated  Valve  Piston  Actuated  Valve 

Note:  Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false. 

1.  Pneumatic  actuated  means  air  actuated. 

2.  All  valves  are  fail-safe  closed. 

3.  Piston  type  valves  are  electrically  operated* 
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CORRECT  RESPONSES  TO  FRAME  A:    1.    T         2,    F         3,    T        A,  T, 


CORRECT  RESPONSES  TO  FRAME  5:    1-    T         2.    F         3,  F. 
Frame  6 

Controlling  devices  for  pneumatic  valves  consist  of:    (1)  solenoids, 
(2)  thermostats,  (3)  pneumatic  relays,  or  (A)  pressure  switches  which 
control  the  position  of  the  valve* 

1»      The  solenoid  controls  air  pressure  to  open  or  close  a  valve  by 
allowing  air  pressure  to  stop  or  pass  through  the  solenoid. 

2.  The  pneumatic  thermostats  are  controlled  by  temperature  which 
either  open  or  close  a  small  bleed  port,  controlling  the  buildup  or 
release  of  pressure  acting  on  the  diaphragm  of  a  pneumatic  valve. 

3.  The  pneumatic  relays  are  used  in  the  pressurizatlon  system  to 
prevent  lag  time  between  the  controller  and  outflow  valves,  when  the 
outflow  valves  are  located  a  considerable  distance  between  units « 

A.     The  pressure  switches  are  used  In  conjunction  with  a  valve  that 
operates  under  a  pregiven  pressure  similar  to  an  aneroid  switch.  Host 
pressure  switches  operate  In  conjtmction  with  a  pneumatic  tnermostat* 

Note:    Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false > 

1.  Pneumatic  thermostats  are  controlled  by  air  pressure. 

2.  Lag  time  between  the  controller  and  outflow  valves  is  controlled 
through  a  pneumatic  relay. 

3.  All  pressure  switches  work  in  conjunction  with  a  pneumatic 
thermostat. 

A.      A  solenoid  is  a  controlling  device. 
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Frame  7 

Types  of  Pneuroatic  Valves.    The  piston-actuated  valve  has  a  piston 
Blmilar  to  the  one  in  a  car*    Instead  of  steel  rings,  rubber  "0"  ring 
seals  are  used.    The  piston  rod  is  connected  to  a  mechanical  linkage. 
The  linkage  is  attached  to  the  butterfly  valve.    When  air  pressure  is 
applied  to  the  top  or  bottoia  of  the  piston,  the  valve  will  open  or  close. 
Normal  opening  or  closing  tiiae  is  approximately  one  second  for  all  valves, 
A  piston  actuator  is  normally  controlled  by  a  solenoid  valve c    A  solenoid 
valve  is  sometimes  referred  to  as  a  switcher  valve.    It  switches  the  air 
pressure  either  to  the  top  or  bottom  of  the  piston.    This  controls  the 
direction  of  piston  movement. 


ELECTRICAL 


SOLENOID  -    BLEED  VALVE 

CONNECTOR    

ACTUATOR  (PNEUMATIC) 


BONDING 
/UMPER 


ENGINE  AIR 
BLEED  DUCT 


BLEED  VALVE 

Pneumatic  Piston  Actuated  Valve. 

Note:  Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false. 

1.      "0"  ring  seals  are  used  on  piston-actuated  valves. 
1*      Normally  1  second  is  required  for  the  valve  to  open. 
3.      A  switcher  valve  controls  the  mechanical  linkage. 
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BLEED  AIR  TAPOFF  LINE 
BALL  CHECK  VALVE  ASSEMBLY 
BUTTERFLY 
MIDDLE  CHAMBER 
RIGHT  HAND  CHAMBER 
RIGHT  HAND  BLEED  PORT 
SOLENOID 
PISTON 

MECHANICAL  LINKAGE 
CONTROL  VALVE  PLUNGER 
SOLENOID  RETURN  SPRING 
LEFT  HAND  BLEED  PORT 
LEFT  HAND  CHAMBER 
BLEED  AIR  TAPOFF  LINE 


Pneumatic  Piston  Actuated  Valve  (De-energized  Closed) . 

10 

812 


CORRECT  RESPONSES  TO  FRAME  6:    1.    F         2.    T         3,    F         4-  T, 


CORRECT  RESPONSES  TO  FRAME  7:1.T         2.T  3.T. 

Frame  8 

Operation  of  the  Pnematic  Piston  Acttiated  Val^-       Refer  to  the 
illustration  of  the  valve  on  page  10,    Air  pressure  is  tapped  from  the 
body  of  the  valve  through  (a  or  n)  either  side  of  the  butterfly  l.c). 
Airflow  is  then  routed  to  the  shuttle  valve  (b)  •    The  shuttle  valve 
prevents  air  pressure  from  escaping  to  the  opposite  side  of  the  butterfly. 
The  shuttle  valve  directs  air  pressure  to  the  middle  chamber  (d) .    At  this 
point  the  air  will  be  controlled  by  the  solenoid  (g) .    The  direction  of 
the  air  movement  will  depend  on  the  position  of  the  solenoid.    When  the 
solenoid  is  de-energized  air  will  pass  into  the  right  hand  chamber  (e)  . 
From  the  right  chamber  air  flows  up  the  passageway  to  the  top  of  the 
piston  (h)  .    Air  pressure  forces  the  piston  to  the  left.    Through  mechan- 
ical linkage,  the  butterfly  (c)  will  be  held  closed. 

Note:    Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false. 

1.  Air  is  trapped  from  either  side  of  the  butterfly. 

2.  The  direction  of  airflow  depends  on  the  check  valve  position. 

3.  A  de-energized  solenoid  will  cause  the  valve  to  close. 


11 

^  893 


SOLENOID 
(ENERGIZED) 
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1^  '  


A.  BLEED  AIR  TAPOFF  LINE 
8.  BALL  CHECK  VALVE  ASSEMBLY 

C.  BUTTERFLY 

D.  MIDDLE  CHAMBER 

E.  RIGHT  HAND  CHAMBER 

F.  RIGHT  HAND  BLEED  PORT 

G.  SOLENOID 

H.  PISTON 

I.  MECHANICAL  LINKAGE 
J.  CONTROL  VALVE  PLUNGER 
K.  SOLENOID  RETURN  SPRING 
L.  LEFT  HAND  BLEED  PORT 
M.  LEFT  HAND  CHAMBER 
N.  BLEED  AIR  TAPOFF  LINE 


Pneumatic  Piston  Actuatec'  V?lve  (Eneigized  Open). 
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CORRECT  RESPONSES  TO  FRAiME  8:    1.    T         2,    F         3,  T. 


Frame  9 


Refer  to  the  illustration  on  page  12.    To  open  the  valve,  28  volt 
DC  is  applied  to  the  solenoid  valve  (g),  energizing  the  solenoid.  This 
action  causes  the  control  valve  plunger  (j)  to  move  to  the  left.  The 
pltmger  closes  the  air  inlet  port  of  the  rigjit  hand  chamber  (d)  •  The 
right  hand  bleed  port  (f)  is  now  opened    Air  from  the  top  of  the  piston 
is  vented  overboard.    With  the  solenoid  energized,  the  left  hand  bleed 
port  (1)  is  closed.    The  left  hand  chamber  (m)  inlet  port  is  open.  This 
allows  pressure  to  be  applied  to  the  bottom  of  the  piston.    The  piston 
(h)  will  be  forced  to  the  right  moving  the  mechanical  linkage  and  opening 
the  valve.    Air  can  then  flow  through  the  valve  (o)  .    To  close  the  valve, 
de-energize  the  solenoid  (g).    The  solenoid  return  spring  (k)  will  move 
the  control  valve  plunger  to  the  right.    Air  pressure  is  directed  to  the 
top  of  the  piston,  closing  the  valve.    Air  is  vented  from  the  bottom  of 
the  piston  through  the  left  hand  bleed  port  (1) ,    Fort  leakage  past  the 
butterfly  is  compensated  by  adjusting  the  mechanical  linkage  of  the  valve. 

Note:    Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false, 

1,  Air  directed  to  the  bottom  of  the  piston  will  open  the  valve, 

2,  Bleed  ports  are  xised  to  bleed  the  air  from  the  top  and  bottom 
of  the  piston, 

3,  The  solenoid  is  energized  to  open  the  butterfly. 
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CORRECT  RESPONSES  TO  FRAME  9:    1.    F         2.    T         3.  T. 


Frame  10 

Diaphragm  Actuated  Valves.    A  diaphragm  actiiated  valve  is  similar 
to  a  piston  actuator  with  the  exception  of  a  piston;  a  diaphragm  is  used 
instead.    A  diaphragm  is  a  canvas  cloth  impregnated  and  coated  with  rubber. 
This  prevents  air  from  passing  through  it.    However  it  is  flexible  enough 
to  allow  movement.    The  diaphragm  separates  two  chambers.    One  chamber  is 
normally  vented  to  the  atmosphere.    The  other  has  a  spring  to  load  the 
butterfly  valve  to  the  open  or  closed  position.    Some  valves  have  the 
spring  on  the  pressure  side,  but  these  are  exceptions  to  the  rule.  The 
other  chamber  of  the  actuator  is  connected  to  a  pressure  source.  Attached 
to  the  diaphragm  is  a  rod.    The  rod  is  connected  to  the  mechanical  linkage 
of  the  butterfly  shaft. 

Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false. 

1.  A  diaphragm  is  very  flexible. 

2.  The  diaphragm  actuator  rod  is  connected  to  a  mechanical  linkage. 

3.  The  valve  could  be  spring  loaded  to  the  open  and  closed  position. 
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ACTUATOR 


ATMOSPHERIC 
VENT 


PRESSURE 
SOURCE 


BIAS  SPRING 

DIAPHRAGM 
ACTUATOR  ROD 


BUTTERFLY 


Diaphragm  Actuated  Valve  (Spring  Loaded  Open) 


ATMOSPHERIC 
VENT 


PRESSURE 
SOURCE 


ACTUATOR 


BIAS  SPRING 
DIAPHRAGM 


ACTUATOR  ROD 


BUTTERFLY 


Diaphragm  Actuated  Valve  (Spring  Loaded  Open) 
With  Air  Pressure  Applied  to  Close  the  Valve. 
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CORRECT  RESPONSES  TO  FRAME  10:    1.     T         2,    T         3,  F 


Frame  11 

Spring  Loaded  Open  Diaphiagm  Actuated  Valve.    Refer  to  the  top 
Illustration  on  page  16.    This  illustration  represents  a  valve,  spring 
loaded  to  the  open  position*    Let^s  see  how  the  valve  can  be  controlled. 
With  no  pressure  at  the  pressure  source,  the  spring  forces  the  diaphragm 
down.    This  forces  the  actuator  rod,  through  mechanical  linkage,  to  hold 
the  butterfly  open.    To  close  the  valve  (bottom  illustration)  a  pre- 
determined pressure  is  applied  from  the  pressure  source*    Pressure  buildup 
will  force  the  diaphragm  upward;  compressing  the  spring.    As  the  diaphragm 
moves  upward,  the  actuator  rod,  through  mechanical  linkage,  begins  to 
close  the  valve.    The  atmospheric  pressure  on  top  of  the  diaphragm  is 
forced  out  the  atmospheric  vent.    This  allows  free  nwvement  of  the 
diaphragm. 

Note:    Detenxine  which  of  the  following  statement(s)  are  true  and 
which  are  false . 

1.  To  allow  free  movement  of  the  valve,  one  side  is  vented. 

2.  The  valve  on  page  14  is  spring-loaded  closed. 

3.  Atmospheric  air  pressure  is  applied  to  actuate  the  valve. 
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ACTUATOR 


PRESSURE 
SOURCE 


ATMOSPHERIC 
VENT 


DIAPHRAGM 


BIAS  SPRING 


BUTTERFLY 


Diaphragm  Actuated  Valve  (Spring  Loaded) . 
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CORRECT  RESPONSES  TO  FRAME  11:1,T         2.F  3.F. 


Frame  12 


Spring  Loaded  Closed  Diaphragm  Actuated  Valve*  Refer  to  illustration 

on  page  18.'   The  spring  will  push  the  diaphragm  up,  causing  the  actuator 

rod  to  hold  the  butterfly  closed.    When  pressure  is  applied  from  the 

pressure  source,  the  diaphragm  will  be  forced  down.  The  actuator  rod 
moves  the  butterfly  open. 

Note:    Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false. 

1.  With  the  valve  spring  loaded  to  the  closed  position,  pressure 
is  applied  to  open  the  valve. 

2.  Pressure  is  applied  to  the  bottom  of  the  valve  diaphragm  to 
open  the  valve. 


CORRECT  RESPONSES  TO  FRAME  12:    1.  T 


1.  T 


Frasie  13 

Air  check  valves  are  always  installed  in  a  system  with  the  arrow 
pointing  in  the  direction  of  airflow.    Remember  the  purpose  and  power 
requirements  for  each  type  of  valve  discussed  in  the  text.    If  in  doubt, 
recheck  the  text  to  make  sure.    Now  here  is  another  look  at  the  valves 
we  have  discussed.    Remember  what  they  look  like*    You  will  see  them  again. 


Electric  Motor  Actuated  Butterfly  Valve  Air  Check  Valve 


Pneumatic  Piston  Actuated  Valve 


No  Response  Required 
20 
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Frame  14 


Bench  testing  of  an  air  control  valve  can  be  a  simple  matter  of 
just  operating  the  valve.    An  operational  check  (not  a  bench  check) 
can  be  performed  on  the  aircraft.    This  check  will  allow  you  to 
determine  if  the  valve  is  faulty;  or  the  pneumatic  system  has  failed. 
When  a  valve  is  not  operating  properly,  it  must  be  removed  and  sent 
to  your  shop  for  repairs.    Not  all  valves  are  reparable  at  base  level. 
Some  valves  must  be  sent  to  depot  for  repair.    However,  if  you  are 
authorized  to  repair  a  valve,  your  shop  will  have  the  equipment  and 
TOs  available.    The  TOs  will  explain  how  to  inspect,  bench  test  and 
repair  the  valve.    Some  valves  may  also  require  a  special  check.  These 
checks  are  outlined  in  the  Time  Coii5>liance  Technical  Orders  (TCTO)  .  If 
a  valve  has  been  in  storage  fox  an  extended  period  of  time,  then  all  the 
rubber  parts  must  be  replaced.    Such  as;  O-rlng  seals,  gaskets  and  dia- 
phragms.   TO  00-20K-6  series  outlines  the  maximum  time  these  valves  can 
be  stored.    Cure  date  kits  (C  kits)  are  used  to  repair  these  valves. 
Cure  date  kits  include  all  the  rubbei:  parts  needed  to  repair  any  given 
valve.    The  cure  date  kit  has  a  life  time  storage  of  3  years.    After  a 
C  kit  has  been  stored  for  3  years  it  can  no  longer  be  used.    Always  check 
the  C  kit  shelf  date  prior  to  using  the  kit.    All  the  parts  included  in 
the  C  kit  should  be  used  when  repairs  are  made  to  a  valve. 

NO  RESPONSE  REQUIRED 
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Frame  15 


Next  we  will  discuss  the  manometer:    How  it  wox.cs  and  how  it  is  used 
to  make  air  pressure  measuretpents  • 

A  manometer  is  the  instrument  that  an  environmental  mechanic  uses 
to  measure  the  air  pressure  exerted  by  a  valve.    There  are  two  types  of 
manometers  that  you  might  see.    Both  are  U-shaped  glass  tubes  that  con- 
tain either  water  (open)  or  mercury  (closed)  . 


Test  Stand 
(Applicable  Air  Source) 


OPEN 

In  the  open  manometer  the  U-shaped 
tube  is  open  at  both  ends.  (Look 
at  the  figure  above.)    The  valve  to 
be  tested  is  attached  to  one  end 
(called  an  arm)  of  the  manometer, 
usually  by  a  flexible  hose.    If  the 
pressure  in  the  valve  is  greater 
than  atmospheric  pressure,  its 
pressure  will  force  the  liquid  to 
rise  in  the  other  arm  of  the 
manometer.    The  difference  between 
the  heights  of  the  liquid  in  the 
two  arms  is  a  measure  of  the  valve* s 
excess  pressure  over  atmospheric 


CLOSED 

The  closed  manometer  contains  mercury 
and  is  closed  at  one  end.    Air  at 
atmospheric  pressure  is  trapped 
inside  the  closed  arm  of  the  tube. 
When  pressure  greater  than  atmos- 
pheric pressure  is  applied  to  the 
open  arm,  the  mercury  rises  in  the 
closed  arm,  compressing  the  air. 
The  applied  pressure  can  be  read 
from  a  scale  on  the  closed  arm. 
This  type  of  manometer  can  measure 
higher  pressures.    The  closed  type 
manometer  is  the  one  most  usc?d  by 
the  environmental  mechanic.  You 
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Frame  15  (Cont'd) 


pressure.    If  the  valve's  pressure 
is  less  than  atmospheric  pressure, 
thu  liquid  will  rise  in  the  arm  of 
the  manometer  to  which  the  pressure 
is  applied.    One  of  the  problems 
with  using  the  open  manometer  is 
that  it  can  only  be  used  to  measure 
pressures  that  are  close  to  atmos- 
pheric pressure  because  the  liquid 
will  overflow  the  glass  tube. 


should  exercise  extreme  caution  when 
using  the  manometer.    It  is  filled 
with  mercury  which  is  very  dangerous 
to  your  health.    It  is  possible  to 
break  the  glass  tube  in  which  the 
mercury  is  contained. 


Notice,  also  in  the  figure,  that  the  valve  is  attached  at  two  places; 
one  end  is  attached  to  the  manometer  by  a  flexible  hose  and  the  other  end 
is  attached  to  the  test  stand.    The  valve  is  hooked  up  so  that  the  airflow 
is  going  toward  the  manometer.    Once  you  apply  the  air  pressure  to  the  valve 
you  can  make  your  readings  on  the  manometer's  scale  to  see  how  much  the 
valve  is  leaking. 

Note;    Determine  which  of  the  following  statement(s)  are  true  and 
false. 

1.  The  closed  manometer  is  used  mostly  by  the  environmental 
system  mechanic. 

2.  The  manometer  is  used  to  measure  air  pressure  escaping  from 
a  bleed  air  valve. 
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BENCH  CHECK  AIR  CONTROL  UNITS 

OBJECTIVE 

Using  the  applicable  TO,  electric/pneumatic  component  trainer, 
multimeter,  and  the  necessary  tools,  bench  check  selected  air  control 
units  with  a  maximum  of  two  instructor  assists  for  each  air  control 
unit  checked. 

INSTRUCTION 

Note:    This  workbook  contains  practical  work  assignments  for  you 
to  accomplish  in  conjunction  with  your  study  assignments. 
Complete  each  problem  or  work  assignment  in  the  sequence  given 
and  it  will  aid  you  in  understanding  and  retaining  the  key  points 
covered  in  each  assignment.    Failing  to  have  the  instructor  check 
your  work  at  the  indicated  points  and/or  failing  to  follow 
procedures  could  result  in  a  performance  failure  and/or 
disciplinary  action. 

This  workbook  is  in  five  sections.    The  first  one  explains  why 
components  are  bench  checked  and  lists  the  basic  steps  involved. 
Sections,  two,  three,  and  four,  have  you  check  electric  motor  actuated 
valves.    Section  five  has  you  bench  check  a  two-and-one-half  inch 
diameter  pneumatic  shutoff  valve.    The  procedures  that  are  used  to 
complete  this  workbook  are  listed  at  the  beginning  of  each  section. 

Section  1.     BENCH  CHECK  PROCEDURES 

1.      The  trainer  shown  in  figure  1  was  manufactured  here  at  Chanute. 
The  test  machines  used  in  the  shops  throughout  the  Air  Force  may  not  look 
just  like  this  one,  but  they  will  be  used  for  the  same  thing  -  bench 
checking  air  control  units.    When  bench  checking  any  valve,  you  must 
follow  TO  procedures.    The  TO  will  explain  step-by-step  how  to  perform 
electrical  checks,  port  leakage  checks,  and  case  leakage  checks.  Each 
check  is  described  as  follows: 

a.  Electrical  Operation  -  This  check  consists  of  energizing 
the  valves  with  115  volts,  400  cycle,  thrae  phase,  AC  current  or  26  to 
28  volts  DC  current  depending  on  the  type  of  valve  you  are  checking. 
You  will  check  for  sticking  solenoids,  limit  switches,  and  valve  travel 
time  to  the  full  open  and  closed  positions. 

b.  Port  Leakage  Checks  -  This  check  consists  of  applying 

air  pressure  to  the  valve  with  the  butterfly  in  the  full  closed  position. 
Although  some  leakage  is  normal,  it  will  be  your  job  to  determine  if 
the  leakage  is  too  much.    The  TO  for  each  valve  will  show  the  maximum 
allowable  leakage. 


Supersedes  3ABRA2331-WB-312,  10  August  1981. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 
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Case  Leakage  -  This  test  cannot  be  performed  on  the 
trainer.    However,  at  the  end  of  this  workbook,  you  will  be  required 
to  answer  some  questions  as  to  what  case  leakage  is.    Case  leakage 
testing  is  not  often  done  in  environmental  shops.    All  it  consists 
of  is  submerging  the  valve  in  a  pressurized  tank  and  running  it  to 
the  full  open  position*    After  it  is  In  the  full  open  position,  the 
outlet  side  is  capped  and  pressure  is  applied  to  the  inlet  side  of 
the  valve.    If  there  is  any  leakage,  it  will  cause  pressure  to  build 
up  in  the  tank  and  show  on  a  manometer.     If  the  leakage  is  excessive, 
you  will  have  to  make  the  necessary  repairs  at  that  time, 

2,      You  will  be  required  to  use  TO  indexes  to  find  the  correct 
tech  order  number  for  each  valve  bench  checked.    In  each  section  of 
th-'.s  workbook,  under  the  heading  equipment,  you  will  find  the  TO 
index  number  and  the  valve  part  number*    Using  this  information,  you 
vill  be  able  to  find  the  correct  tech  order  for  that  valve.    All  the 
indexes  and  overhaul  tech  orders  are  located  in  the  tech  order  file, 

QUESTIONS 

1.     When  performing  the  electrical  operation  bench  check,  what 
components  are  you  checking? 


2.      During  a  port  leakage  check  if  you  find  that  the  valve  is 
leaking,  where  would  you  find  the  maximum  allowable  leakage?   


3,  During  a  port  leakage  check,  what  is  the  position  of  the 
valve  butterfly?   

4,  In  the  space  provided  below,  explain  briefly  the  three 
most  common  bench  checks. 


a.      Case  Leakage  - 


b.      Electrical  Operation  - 


c.      Port  Leakage  - 


Note:    Have  the  lab  instructor  check  your  answers. 
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Section  2.     CONTROL  VALVE:     BENCH  CHECK  OF  TWO-AND-ONE-HALF  INCH 
DIAMETER  MODULATING  ELECTRIC  AIR  SHUTOFF  VALVE 

EQUIPMENT 


Electrical  pneumatic  trainer  number  3038 
Valve  part  number  10A2A8-3 
TO  9P5-14-3-3 

PROCEDURE 

1.      Use  trainer  number  3038  to  make  a  port  leakage  test  of  an 
electric  air  shutoff  valve.    This  check  is  to  find  how  much  air 
leaks  past  the  valve  butterfly  vhen  it  is  In  the  closed  position. 
Use  figure  1  to  find  the  following  Items  and  familiarize  yourself 
with  the  trainer. 


A.  Voltage  Adjustment  Potentiometer       D.    Precision  Timer 

B.  Low  Capacity  Flowmeter  E.    Pneumatic  Patching  Panel 

C.  Electrical  Patching  Panel  F.  Manometers 


Figure  1.    Trainer  Number  3038  -  Electric  Pneumatic  Timer. 

a.  Voltage  adjustment  potentiometer  (A).    This  unit 
adjusts  the  DC  voltage  on  the  trainer. 

b.  Low  capacity  orifice  flowmeter  (B).    An  orifice  is 
put  in  this  part  of  the  trainer  to  keep  a  differential  pressure 
at  the  manometers.  4 


c-      Electrical  patching  panel  (C) •    Electrical  wires 
will  be  hooked  from  this  panel  to  the  valve  under  test, 

d.      Precision  timer  (D) .    Times  the  cycling  time  of 
this  unit  under  test*    Press  down  on  the  black  lever  to  reset 
before  each  test. 

e*      Pneumatic  patching  panel  (E),    Hoses  will  be  hooked 
from  this  panel  to  the  valve  under  test. 

i\      Manometers  (F) ,    These  are  pressure  measuring 
devices  and  will  be  taught  later. 

Caution:    At  this  point  make  sure  that  you  have  removed  your 
jewelry. 

2.  Go  to  equipment  locker  number  2  and  get  a  shutoff  valve » 
Part  Number  1CA2A8-3. 

3.  Sign  out  TO  9P5-1A-3-3  from  the  TO  file. 

a.  In  the  TO  find  the  operating  specifications  for  valve, 
Part  Number  10A2A8-3,  and  complete  the  following  statements: 

(1)  Operating  inlet  air  pressure  is   

(2)  Operating  voltage  is  

(3)  Operating  current  (amperage  draw)  is   

(4)  Cycling  time  open  to  close  is 

(5)  Cycling  time  close  to  open  is   

b.  Visually  inspect  the  valve  for  the  following: 

(1)  Corrosion  on  the  housing. 

(2)  Cracked  valve  housing, 

(3)  Damaged  threads  on  the  cannon  plug. 

QUESTION 

Wat  does  the  TO  say  about  removing  minor  nicks,  scratches, 
burrs  and  mild  corrosion  from  steel  parts? 
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4.      Trainer  Preparation 


a.  Make  sure  that  each  switch  is  in  the  OFF  position. 
Switch  S-5  does  not  have  to  be  moved  at  this  time. 

b.  Plug  the  trainer  power  cables  into  the  proper  wall 
receptacles.  Make  sure  that  all  circuit  breakers  on  the  left  end 
of  the  trainer  are  pushed  in. 

5.  Electrical  Hookup 

a.  Follow  the  hookup  shown  in  foldout  1  near  the  end 
of  this  workbook. 

b.  Hook  the  connector  plug  of  the  valve  to  the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

c.  Use  the  trainer  wires  to  make  these  connections. 

Caution:    At  this  point  check  the  connections  before  you  go 
to  the  next  step.    This  prevents  the  danger  of  a  short 
circuit  due  to  crossed  wires.    Have  the  Instructor  check 
your  hookup. 

6.  Operation  of  the  Valve 

a.  Place  switch  S-1  to  the  ON  position.    This  tuiTns  on 
the  power  to  the  trainer.    Place  switch  0  SEL  (phase  selector)  to  10 
The  AC  voltmeter  should  show  110  to  120  volts.    The  DC  voltmeter 
should  show  24  to  28  volts.    If  you  do  not  have  these  readings, 
recheck  your  hookup  and/or  the  voltage  adjustment  potentiometer 
(see  (A)  in  figure  1).    The  potentiometer  should  be  set  to  full 
increase. 

b.  Check  the  valve  position  to  find  if  the  valve  is 
opened  or  closed. 

(1)  If  the  valve  is  open,  place  switch  S-5  to  the 
CLOSE  position.    The  valve  should  close. 

(2)  If  the  valve  is  closed,  place  switch  S-5  to  the 
OPEN  position.    The  valve  should  open. 

c.  Complete  the  following  statements.  First  put  the 
valve  in  position  to  make  the  check.  Take  the  readings  from  the 
correct  meters  or  gages  on  the  trainer. 

Note:    Reset  the  timer  before  operating  the  valve. 

(1)  Place  switch  S-5  to  the  OPEN  position. 

(2)  While  valve  is  operating,  move  0  SEL  (phase 
selector  switch  to  A  0,  B  0  and  then  to  C  0  in  turn.    Read  the  AC 
voltmeter.    Be  sure  to  take  the  readings  from  each  ammeter  and  AC 
voltmeter  before  the  valve  reaches  the  OPEN  position. 

(3)  Operating  voltages  are:    A  phase  , 

B  phase  ,  C  phase   . 
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Note:    The  ammeters  for  each  phase  are  calibrated  in 
inilliamps.     (•!  amps  =  100  milliamps) 

(4)  Operating  current  (amperage  draw)  for  each 

phase  is: 

A  phase  ,  B  phase   ,  C  phase   . 

(5)  Cycling  time  from  close  to  open  is   

seconds* 

(6)  Now  place  switch  S-5  to  the  CLOSE  position. 

(7)  While  valve  is  operating,  move  0  SEL  (phase 
selector)  switch  to  A  0,  B  0,  and  then  to  C  0  in  turn.    Read  the 
AC  voltmeter.    Be  sure  to  take  the  readings  from  each  ammeter  and 
AC  voltmeter  before  the  valve  reaches  the  CLOSED  position. 

(8)  Operating  voltages  are:    A  phase  , 


B  phase  ,  C  phase       .  . 

(9)    Operating  current  (amperage  draw)  for  each 

phase  is  A  phase  ,  B  phase  ^ 

C  phase  . 

(10)  Cycling  time  from  open  to  close  is   

seconds. 

(11)  Does  the  valve  operate  according  to 
specifications?    If  your  answer  is  yes,  proceed  to  the  next  step. 

If  your  answer  is  no,  list  the  problems  here.   


(12)    Place  sxdLtch  S~l  to  the  OFF  position.    Ask  the 
instructor  if  you  should  proceed  to  the  next  step. 
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Figure  2.    Test  Facility  Pneumatic  Schematic. 
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7.      Port  Leakage  Hookup 


a.  Figure  2  gives  the  proper  way  to  hook  the  valve  to 
the  trainer.    The  heavy,  black  lines  show  how  to  hook  each  hose  in 
order  to  make  this  check. 

b.  Make  tha  necessary  connections  using  hoses  provided 
in  the  bottom  of  the  trainer.    Compare  your  hookup  and  figure  2  in 
the  workbook  with  the  test  set  up  (figure  5)  in  the  TO  to  see  how 
much  alike  they  are.    Then  hook  one  end  of  a  hose  to  connection  7D 
on  the  trainer  and  connect  the  other  end  of  the  same  hose  to 
connection  5A.    Continue  until  each  hose  is  connected.    DO  NOT  use 
a  wrench  to  tighten  the  "B"  nuts  (hose  connections)  as  finger" 
tightness  is  sufficient  for  this  test. 

c.  Check  the  valves  and  regulators  on  the  trainer  to  be 
sure  they  are  in  the  correct  positions. 

(1)  Valves  V8  and  V9  are  closed.     (Full  clockwise) 

(2)  Valve  VlO  is  open.     (FulJ  jounterclockwise) 

(3)  Turn  regulators  R2  and  R3  counterclockwise  until 
they  turn  freely.    DO  NOT  turn  the  regulators  too  far  or  they  will 
fall  out  and  cause  lose  of  air  pressure. 

Note:    At  this  point  let  us  take  a  few  minutes  to  read  about 
manometers.    These  instruments  are  used  for  measuring 
differential  or  absolute  pressures.    There  are  several  types 
of  liquids  used  in  manometers.    Oil,  water  (H2O)  or  mercury  (Hg) 
is  used.    The  M-i  nanometer  is  filled  with  mercury  and  the  M-2 
manometer  is  filled  with  water. 

d.  Manometer  Settings 

(1)  Place  the  M-1  manometer  on  the  inches  mercury 
scale.    The  scale  starts  at  28  Hg»    This  is  the  manometor  on  the 
far  left  as  vou  face  the  trainer*    Turn  the  scale  (set  the  scale  by 
turning  the  knobs  at  the  bottom  of  each  manometer)  so  that  the  top 
of  the  mercury  bv'^ble  (meniscus)  is  set  to  the  barometric  pressure 
of  the  day.    Since  we  have  no  barometer  here  in  the  laboratory,  set 
the  scale  at  30  Hg  which  is  very  close  to  the  average  daily 
barometric  pressure. 

(2)  Place  the  M-2  manometer  on  the  inches  water 
scale  so  that  the  top  of  the  bubble  is  on  zero. 

(3)  Remove  the  steel  cap  from  the  1  1/4  inch  pipe. 
This  pipe  comes  ov^  from  the  left  end  of  the  trainer.  Air  can  now 
flow  through  the  orifice  to  the  atmosphere. 
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8.      Port  Leakage  Test 


a.  If  you  have  followed  the  instructions  carefully  up  to 
now,  the  position  indicator  on  the  valve  should  show  full  CLOSED 
position.    Have  instructor  check  valve  position. 

b.  Turn  V-3  fully  counterclockwise*    Air  pressure  is 
now  at  the  trainer* 

c*      Valve  V-10  should  have  been  opened.    This  gives  a 
path  for  the  exhaust  of  air  from  the  shutoff  valve. 

d.      Turn  R-3  clockwi^^e  until  70  psig  shows  on  pressure 
gage  P-1.    DO  NOT  let  the  water  in  manometer  M-2  rise  above  55 
inches.    This  is  to  keep  you  from  accidentally  pushing  the  water 
out  of  the  top  of  the  manometer. 


TO  TOP  OF  M-2 
(UOW  PRESSURE) 


TO  BOTTOM  OF 
. M-1  AND  M-2 
(HIGH  PRESSURE) 


DISCHARGE  TO 
ATMOSPHERE 


PRESSURE 
SOURCE 


TURBULENCE  CAUSEP 
BY  ORIFICE 


Figure  3.    Typical  Orifice  in  a  Duct. 

e.      Trace  the  air  flow  through  the  trainer  and  valve 
(figure  2).    Air  in  the  trainer  flows  through  V-3  and  R-3  to 
connection  7D  from  7D  through  pressure  gage  PI  and  then  to  the 
valve.    Even  though  the  valve  is  closed,  some  air  leaks  through 
and  gees  through  V-IO  and  on  to  the  orifice.    Air  flow  from  the 
upstream  side  of  the  orifice  goes  through  connections  7F  to  El. 
From  El  air  flows  to  the  bottom  of  M-1  and  at  the  same  time  air 
flows  through  fitting  Fl  to  F2  and  to  the  bottom  of  M-2.  The 
mercury  manometer  (M-1)  now  reads  the  absolute  pressure  that  goes 
through  the  valve  end  to  the  orifice^    This  high  pressure  will 
push  the  water  up  in  manometer  M-2.    After  the  air  goes  through 
the  orifice,  L'ne  pressure  will  drop  due  to  turbulence  caused  by 
the  restrictions  (see  figure  3).    This  low  pressure  air  flows 
through  fluting  6F  to  B2  and  in  the  top  of  manometer  M-2  and  tries 
to  push  the  water  down.    The  two  air  flows  meet  and  stabilize  in 
M~2.    This  is  where  the  differential  pressure  reading  Is  made. 


You  will  use  this  reading  (value)  later  on  to  find  if  the  valve 
is  leaking  too  much, 

f •      What  is  the  reading  on  the  M-1  manometer? 

 .    Keep  in  mind  your  answer  must  be  in 

inches  Hg. 


What  is  the  reading  on  the  manometer? 
 .    This  time  your  answer  must  be  in 


Inches  H2O. 

h.  The  next  step  is  to  find  if  the  leakage  in  the  valve 
is  within  normal  limits.    There  is  some  mat^  used  here,  so  before 
we  start  figuring,  first  drop  pressure  on  the  trainer  to  be  safe, 

i.  Turn  regulator  R-3  counterclockwise  until  it  turns 
freely  and  pressure  gage  P-1  drops  to  zero. 

3.      Close  shutoff  valve  V-3  (full  clockwise), 

k.      The  amount  of  air  that  goes  through  the  closed 
butterfly  is  measured  in  pounds  per  minute  (PPM),    The  formula 
used  to  determine  the  amount  of  leakage  is  as  follows: 

17.35  X  P, 

2;AP  «   X  AP 

T^  +  460 

(1)  Do  not  panic  now!    Let  us  see  just  what  all  of 
this  means.    First,  ZAP  is  called  SIGMA,  DELTA,  P.    The  number  on 
the  right  side  of  the  equal  sign  is  called  the  conversion  factor. 
The  first  thing  that  must  be  done  is  to  make  this  conversion  factor 
into  a  single  number.    We  do  this  by  converting  all  of  the  unknown 
figures  such  as  P]^,  T^,  and  AP  into  known  ones.    P^  ia  the  M-1 
manometer  reading.    AP  is  the  M-2  manometer  reading  (the  difference 
in  pressure  between  one  side  of  the  orifice  and  the  other),  is 
the  temperature  of  the  air. 

Note:    The  thermometer  is  located  by  the  laboratory  window, 

(2)  Rewrite  the  formula  with  the  known  figures  in 
place  of  the  unknowns.    Solve  a  problem  just  for  practice. 

(3)  Assume  we  have  just  made  some  readings,  M-1 
manometer  reads  33,  M-2  manometer  reads  26  and  the  temperature  is 
68^F. 


11  916 


STEP  1:      WRITE  THE  FORMULA. 

STEP  2 :      REWRITE  THE  FORMULA  USING  KNOWN 
NUMBERS  IN  PLACE  OF  UNKNOWN  ONES. 
?l  =  33,  AP  «  26,       =  68 

STEP  3:     MULTIPLY  17.35  by  P,  (33).  DON'T 
FORGET  THAT  DECIMAL  POINT. 


ZAP 


ZAP  = 


17.35  X  ?^ 
+  460 

17.35  X  33 
68  +  460 


17.35 
X  33 
5205 

5205 

572.55 


X  AP 


X  26 


STEP  4:      NOW,  ADD  460  TO  T^  (68), 


460 
+68 
528 


STEP  5:      AT  THIS  POINT,  REWRITE  THE  FORMULA 
TO  SEE  WHAT  YOU  HAVE  THUS  FAR. 


ZAP 


572.55 
528 


X  26 


STEP  6:      DIVIDE  THE  BOTTOM  HALF  OF  THE  FRACTION 
INTO  THE  TOP  HALF.    CARRY  OUT  TO  ONLY 
TWO  DECIMAL  PLACES, 


1.08 
528>/572.55 
528 
4455 
4224 
231 


STEP  7: 


AGAIN,  REWRITE  THE  FORMULA. 

MULTIPLY.  ONCE  AGAIN,  DON'T  FORGET 
THE  DECIMAL  POINT. 


ZAP  =  1.08  X  26 


1.08 
X  26 
648 
216 
28.08 


STEP  8:      THE  ANSWER  IS  ROUNDED  OFF  TC  THE  NEAREST  WHOLE  NUMBER  MAKING 
IT  AN  EVEN  28.    THEREFORE,  ZAP  =  28  WHICH  IS  THE  FINAL 
CONVERSION  FACTOR. 

STEP  9:      Figure  4  is  a  flow  chart  that  will  show  the  allowable 
leakage  of  a  valve  when  the  leakage  test  is  made  using 
a  .150  orifice.    Each  shop  will  have  a  complete  set  of 
orifices  and  charts  to  use  for  each  valve  tested.  Since 
the  3038  trainer  has  a  .150  orifice,  let  us  see  how  the 
flow  chart  works. 

(1)    Find  the  conversion  factor  (28)  on  the  left 
side  of  the  chart.    Follow  the  horizontal  line  to  tha  right  until 
it  intersects  with  the  diagonal  line. 
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AltFlOWS  THROUGH  A  O.150  INCH  ORlFlCC  IN  A  1.0  INCH  1.0  MCT5t  SECTION 


Air-flow  in  pounds  per  minute 

42-740 


Figure  A.    Air  Flow  Chart. 

(2)    At  the  point  where  the  two  lines  intersect, 
follow  the  vertical  line  to  the  bottom  of  che  chart.    As  you  can 
see,  the  line  ends  at  the  bottom  of  the  chart  on  the  number  .12. 
This  means  that  the  valve  under  test  is  leaking  at  the  rate  of 
,12  PPM. 

Note:    Different  valves  have  different  allowable  port  leakages, 
but  the  procedure  for  port  leakage  testing  is  the  same  for  all 
valves. 
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!•     Nov  rewrite  the  formtila  and  use  the  nanometer 
readings  from  your  valve  to  find  ZAP.    Once  you  find  ZAP,  use 
the  flow  chart  to  find  out  how  much  your  valve  Is  leaking. 


(1)  Read  paragraph  8c  In  the  TO* 

(2)  How  much  port  leakage  Is  allowed?   

(3)  Is  the  valve  leaking  too  much?  

(4)  If  the  leakage  Is  more  than  the  specified  amount, 

  or  fix  other  causes  of 

leakage  before  going  to  the  other  tests. 

Note:    At  this  time  have  the  Instructor  check  your  work. 

m.      Conclusion  of  leakage  test 

(1)  Disconnect  and  plug  the  end  of  each  hose. 
Store  them  in  the  bottom  of  the  trainer  cabinet. 

(2)  Remove  all  electrical  wires  and  lay  them  to 
one  side  for  the  next  project. 

(3)  Cap  all  ports  and  cover  the  electrical 
connectors  on  the  valve.    Stew  the  valve  in  equipment  locker 
number  2. 

(4)  If  any  of  the  equipment  (hoses »  wires,  nuts, 
caps,  plugs)  was  damaged  or  missing,  notify  the  instructor  and  he/she 
will  see  that  the  corrections  are  made. 

INSTRUCTOR  ASSISTS: 
1-  2. 
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Section  3-    SHUTOFF  VALVE:    BENCH  CHECK  OF  THE  MOTOR 
ACTUATED  BUTTERFLY  SHUTOFF  VALVE  ASSEMBLY 


EQUIPMENT 


Electrical  pneumatic  trainer  number  3038 
Valve  part  number  121535-1 
TO  15A2-2~52~83 


PROCEDURE 


1.      Use  trainer  number  3038  to  bench  check  a  motor  actuated 
b»  tterfly  shutoff  valve.    This  check  is  to  find  if  the  valve  meets 
the  technical  order  operating  specifications  and  to  check  the 
butterfly  valve  for  correct  electrical  operation. 


2,      Go  to  equipment  locker  number  2  and  get  the  shutoff 
valve  assembly  with  the  part  number  121535-1, 


3.      Sign  out  TO  15A2- 2-52-83  from  the  TO  file. 


a.      In  the  TO  find  the  operating  specifications  for 
valve  part  number  121535-1  and  complete  the  following 
statements: 


(1)    Operating  pressure  differential  across  the 
butterfly  at  +570''F  is   


(2)    Operating  voltage  is 


(3)    Stall  current  at  26V  DC  and  ■f21^C  is 
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(4)  Operating  time  from  open  to  close  is   

(5)  Operating  time  "rom  close  to  open  is 

b.      Visually  inspect  the  valve  for  the  following: 

(1)  Corrosion  on  the  butterfly  and  housing, 

(2)  Cracked  valve  housing. 

(3)  Damaged  threads  on  the  electrical  connector  plug, 

QUESTION 

What  should  be  done  if  any  component  of  the  shaft  assembly  or 
disc  assembly  shows  wear  or  damage  beyond  minor  repair?   


4.  Trainer  Preparation, 

a.      Make  sure  that  each  switch  is  in  the  OFF  position. 

b*      The  trainer  should  still  be  hooked  to  the  proper  wall 
receptacle  from  the  previous  test. 

5.  Electrical  Hookup. 

a.  Fbllow  the  hookup  sho\m  on  foldout  2. 

b.  The  connections  will  be  made  with  the  wires  at  the 

trainer, 

c^      Hook  the  connector  plug  of  the  valve  to  the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

Caution:    At  this  point  check  the  connections  before  you  go  to 
the  next  step.    This  prevents  the  danger  of  a  short  circuit  due 
tc  crossed  wires.    Have  the  instructor  check  your  hookup. 

&•      Operation  of  the  valve, 

a.  Place  switch  S-1  to  the  ON  position.    This  turns  on 
the  power  to  the  trainer.    Place  switch  0  SEL  to  1(5.    The  AC  volt- 
meter should  show  110  to  120  volts.    The  DC  voltmeter  should  show  24 
to  28  volts.    If  you  do  not  have  these  readings,  recheck  your  hookup 
and/or  the  voltage  adjustment  potentiometer  (see  (A)  in  figure  1). 
The  potentiometer  should  be  set  to  full  increase. 

b.  Check  the  valve  position  indicator  to  see  if  the  valve 
is  opened  or  closed. 

(1)    If  the  valve  is  open,  place  switch  S-2  to  the  //2 
position  ard  the  valve  should  close. 
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(2)    If  the  valve  is  closed,  place  switch  S-2  to  the 
//3  position  and  the  valve  should  open» 

c.  Complete  the  following  statements.  First  put  the 
valve  in  position  to  make  the  check.  Take  the  readings  from  the 
correct  meters  or  gages  on  the  trainer. 

Note:    Reset  the  timer  before  operating  the  valve. 

(1)  Cycling  time  from  open  to  close  is   

seconds. 

(2)  Operating  voltage  is  volts  DC.  Be 
sure  to  read  the  DC  voltmeter. 

(3)  Operating  current  (amperage  draw)  Is  ^ 
amps.    Be  sure  to  read  the  DC  ammeter. 

Note:    Reset  the  timer. 

(A)    Place  switch  S-2  to  the  appropriate  position  and 
complete  the  following  statements, 

(5)  Cycling  time  from  close  to  open  is   

seconds. 

i6)  Operating  voltage  is  ^     volts  DC.  Be 

sure  to  read  the  DC  voltmeter. 

(7)  Operating  current  (amperage  draw)  is  . 
amps.    Be  sure  to  read  the  DC  ammeter. 

(8)  Does  the  valve  operate  according  to  the  TO 
specifications?  .   

(9)  Place  switch  S-1  to  the  OFF  position* 

7.  Disconnect  the  valve  from  the  trainer. 

a.  Remove  the  electrical  wires  connecting  the  valve  to 
the  trainer  and  lay  them  aside  for  the  next  project. 

b.  Cap  all  ports  and  cover  electrical  connectors  on 
the  valve.    Stow  the  valve  in  equipment  locker  number  2. 

c.  If  any  of  the  equipment  (wires,  caps,  plugs)  was 
damaged  or  missing,  notify  the  instructor  and  he  will  see  that 
corrections  are  made. 

8,  If  no  discrepancies  were  noted^  go  to  the  next  project. 
INSTRUCTOR  ASSISTS: 

I.  2. 
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Section  A*    SHUTOFF  VALVE:    BENCH  CHECK  OF  THE 
POWER  OPERATED  BUTTERFLY  VALVE 


EQUIPMENT 

Electrical  pneumatic  trainer  number  3038 
Valve  part  number  657T100-5 
TO  15A2~2~92-3 

PROCEDURE 

1.  Use  trainer  number  3038  to  bench  check  a  power 
operated  butterfly  valve.    This  check  is  to  find  if  the  valve 
meets  the  technical  order  operating  specifications  and  to  check 
the  butterfly  valve  for  correct  electrical  operation. 

2.  Go  to  equipment  locker  number  2  and  get  the  valve 
assembly  with  the  part  nv^^ber  657T100-5. 

3.  Sign  out  TO  15A2~2-92-3  from  the  TO  file. 

a.  In  the  TO  find  tlxe  operating  specifications  for 
the  valve  and  complete  the  following  statements: 

(1)  Rated  operating  pressure  is   ^ 

(2)  Operating  voltage  is   . 

(3)  Running  current  is  

(4)  Stroke  time  should  be   

b.  Visually  inspect  the  valve  for  the  following: 

(1)    Corrosion  on  the  butterfly  and  housing.  What 
should  you  do  if  corrosion  is  found?  


(2)    Heat  discoloration  on  painted  surfaces.  What 
would  be  done  to  repair  the  painted  surfaces?   
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(3)    Damaged  threads  on  the  connector  plug.    How  are 
they  repaired?  


ERIC 


4.  Trainer  preparation 

a.  Make  sure  that  each  switch  is  in  the  OFF  position. 

b.  The  trainer  should  still  be  hooked  to  the  proper 
wall  receptacles  from  the  previous  test. 

5.  Electrical  hookup 

a.  Follow  the  hookup  shown  on  foldout  3. 

b.  The  connections  will  be  made  by  using  the  wires  at 
the  trainer. 

c.  Fook  the  connector  plug  of  the  valve  to  the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

Caution:    At  this  point  check  your  connections  before  going 
to  the  next  step.    This  prevents  the  danger  of  a  short  circuit 
due  to  crossed  wires.    Have  the  instructor  check  your  hookup. 

6.  Operation  of  the  valve 

a.  Place  switch  S-1  to  the  ON  position.    The  AC  volt- 
meter should  show  110  to  120  volts.    The  DC  voltmeter  should  show 
24  to  28  volts.    If  you  do  not  have  these  readings,  read  paragraph 
6a,  section  2  for  corrective  action. 

b.  Check  the  valve  position  indicator  to  find  if  the 
valve  is  opened  or  closed. 

Note:    Reset  the  timer  before  operating  the  valve. 

(3)    If  the  valve  is  open,  place  switch  S-4  to  the 
close  position.    The  valve  should  close.    If  the  valve  was  closed, 
leave  it  there. 

c.  Complete  the  following  statements.  First  put  the 
valve  in  position  to  make  the  check.  Take  the  readings  from  the 
correct  meters  or  gages  on  the  trainer.  Place  switch  S-4  to  the 
open  position. 

(1)  Cycling  time  from  close  to  open  is   

seconds • 

(2)  Operating  voltage  is   volts.  Be 

sure  to  read  the  AC  voltmeter. 

(3)  Running  current  is   amps. 
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Set  the  0  SEL  switch  to  10  and  read  the  ammeter 

labeled  SGL  0. 

Note:    Reset  the  timer  before  the  next  operation. 

e.  Place  switch  S-4  to  the  CLOSED  position. 

(1)  Cycling  time  from  open  to  close  Is   

seconds. 

(2)  Operating  voltage  Is   volts.    Be  sure 

to  read  the  AC  voltmeter. 

f.  Set  the  0  SEL  switch  to  10  and  read  the  ammeter 
labeled  SGL  0. 

g.  Place  switch  S-4  to  the  CLOSED  position^ 

h.  Does  the  valve  operate  according  to  the  TO  specifica- 
tions?   

If  It  does,  very  good.    If  the  valve  will  not  move,  what  Is  the 
probable  cause?   . 


What  remedy  should  be  taken? 


1.      Place  switch  S-1  to  the  OFF  position. 

7.  Disconnect  the  valve  from  the  trainer. 

a.  Remo\'e  the  electrical  wires  connecting  the  valve  to 
the  trainer  and  lay  them  aside  for  the  next  project. 

b.  Cap  all  ports  and  cover  electrical  connectors  on  the 
valve.    Stow  the  valve  In  equipment  locker  number  2. 

c.  If  any  of  the  equipment  (wires,  caps,  plugs)  was 
damaged  or  missing,  notify  the  instructor  and  he/she  will  sec  ^hat 
corrections  are  made. 

8.  It  no  discrepancies  were  note4>  proceed  to  the  next  project. 

INSTRUCTOR  ASSISTS: 
1^  2. 
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Section  5.    SHUTOFF  VALVE:     BENCH  CHECK  OF  A  TWO-AND-ONE-HALF  INCH 
DIAMETER  PNEUMATIC  SHUTOFF  VALVE 

EQUIPMENT 

Electrical  pneumatic  trainer  number  3038 
Valve  part  number  122142 
TO  1B-52B-06 
TO  9P5-5-59-43 

PROCEDURE 

1.  Use  trainer  number  3038  to  bench  check  a  two-and-one-half 
inch  diameter  pneumatic  shutoff  valve.    This  check  is  to  find  if  the 
valve  meets  the  technical  order  oparating  specifications  and  to  check 
the  solenoid  and  butterfly  for  correct  operation, 

2.  Go  to  equipment  locker  number  2  and  get  the  valve  assembly 
with  the  part  number  122142. 

3.  Sign  out  TO  9P5-5-59-43  from  the  TO  file. 

a.      In  the  TO  find  the  operating  specifications  for  the 
valve  and  complete  the  statements. 

(1)    Valve  normal  position  is   


(2)  The  operating  voltage  requirement  is 

(3)  The  operating  current  is   


(4)    Actuating  time  closed  to  open  or  open  to  closed 

should  not  exceed  ^  maximum. 

b.  If  you  had  to  disassemble  the  valve  for  repair,  all 
parts  would  have  to  be  cleaned  and  inspected.  Let  us  see  what  the 
TO  says  about  the  cleaning  pr'^cess. 

(1)  All  parts,  except  those  to  be  replaced,  are 
cleaned  with   

and  dried  thoroughly. 

(2)  Air  passages  are  cleaned  thoroughly  with   


• 


(3)    Before  installing  new  bearings,  they  should  be 

cleaned  with 
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c.      Inspection:    Using  the  TO,  refer  to  paragraph  4  and 
figure  8  to  make  the  following  checks. 

Note:    You  will  need  an  ohnmeter  for  one  of  these  checks  so 
go  to  equipment  locker  number  1  and  get  a  multimeter  with 
the  number  ME- 77  C/U. 

(1)    Use  the  ohmmeter  to  measure  the  resistance  of 
the  solenoid.    This  check  is  made  across  pins     and  B  of  the  valve. 

What  reading  did  you  get?   


(2)  The  TO  states  that  the  resistance  must  be  between 
and  ohms.    If  the  resistance  of  the  solenoid  is 

not  within  this  range  the  solenoid  would  have  to  be  replace.  Once 
the  resistance  check  is  made,  disconnect  the  multimeter  and  return  it 
to  equipment  locker  number  1. 

(3)  Check  maximum  operating  voltage  as  follows:  Use 
the  electrical  wires  at  the  trainer.    Hook  solenoid  pin  (A)  to  trainer 
pin  (F).    Solenoid  pin  (B)  is  hooked  to  trainer  pin  (R).    Turn  switch 
S-1  to  the  ON  position.    Turn  the  voltage  adjustment  potentiometer  to 
full  decrease.    Turn  switch  S-2  to  position  3.    This  will  energize  the 
solenoid.    SLOWLY  turn  the  voltage  adjustment  potentiometer  toward  full 
Increase  until  you  hear  a  click  in  the  solenoid. 

o.ioo 
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Figure  5.    Pneumatic  Valve  Test  Setup. 
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BEST  COPY  AVAIUBLE 


(4)  Read  the  DC  voltmeter  at  the  sound  of  the  click. 
What  is  the  voltage?       ,                          The  technical  order  lists  the 
maximum  voltage  required  to  energize  the  solenoid  as   , 

(5)  Turn  switches  S-1  and  S-2  to  the  OFF  position 
and  the  voltage  adjustment  potentiometer  to  full  increase  in  that 
order. 

d.      Operational  Check* 

(1)  Using  figure  5,  hook  each  pneumatic  hose  (heavy 
dark  lines)  to  the  valve  and  the  trainer.    M-i  manometer  scale 
should  be  set  to  read  zero  on  the  inches  of  mercury  scale* 

(2)  Place  switch  S-1  to  ON. 

(3)  Open  valve  V-3. 

(4)  Slowly  build  pressure  by  turning  regulator  R~3 
clockwise  until  the  valve  indicator  shows  closed.    This  should  happen 
as  soon  as  pressure  is  applied.    If  not,  your  hookup  must  be  wrong • 

(5)  Once  the  valve  is  closed,  reduce  the  pressure  by 
turning  regulator  R-3  counterclockwise  until  manometer  M-1  shows  zero. 

(6)  Place  switch  S-2  to  position  3. 

Caution:    You  MUST  keep  an  eye  on  manometer  M-1  during  the  next 
step  or  you  may  blow  the  mercury  out  of  the  top  of  the  manometer. 
BE  CAREFUL! 

(7)  With  regulator  R-3,  SLOWLY  build  pressure  and 
closely  watch  the  valve  indicator.  When  the  indicator  shows  that 
the  valve  is  open,  stop  applying  pressure, 

(8)  The  valve  should  have  opened  between  9,0  and 
14.0  inches  of  Hg. 

(9)  What  was  the  manometer  reading? 


(10)    How  is  minimum  opening  pressure  adjusted? 


(11)  Reduce  the  pressure  to  zero  by  turning  regulator 
R-3  counterclockwise. 

(12)  How  much  time  is  allowed  for  the  butterfly  to 
open  and  close?    . 

(13)  Die-connect  the  line  to  manometer  M-1  and  cap  the 
connections.    This  is  the  line  that  goes  from  6D  to  El  on  the  trainer. 


Have  instructor  check  your  work 
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(lA)    Turn  regulator  R-3  clockwise  until  gage  P-3  shows 

80  psig. 

(15)  Energize  and  deenergize  the  solenoid  by  switching 
switch  S-2  between  position  3  and  OFF,    Do  this  several  times  while 
closely  observing  the  valve  indicator.    Does  the  valve  open  and  close 

within  the  TO  time  specifications?   

Note:    You  have  to  guess  the  operating  time  of  the  butterfly 
since  the  trainer  timer  cannot  be  started  and  stopped  in  only 
one  second, 

(16)  Check  the  TO  troubleshooting  table  for  corrective 
action  if  the  valve  operates  too  slowly, 

(17)  Place  switch  S-1  to  OFF,  close  valve  V-3  and 
turn  regulator  R-3  counterclockwise  until  it  turns  freely, 

(18)  Disconnect  all  the  equipment  and  stow  in  the 

proper  places, 

(19)  Disconnect  the  f^aiuer  power  cables  and  clean 
your  area.    You  must  check  with  the  instructor  for  instructions. 

INSTRUCTOR  ASSISTS: 
1.  2. 


e.      Maintenance  Documentation, 

(1)  Get  an  AFTO  Form  349  and  AFTO  Form  350  from  the 

instructor, 

(2)  Use  the  information  on  the  AFTO  Form  350  and  the 
note  to  help  you  make  the  entries  on  the  AFTO  Form  3A9, 

Note:    The  mechanic  who  removed  this  unit  from  the  aircraft 
had  to  use  an  AFTO  Form  349  to  account  for  the  time  used  in 
removing  the  unit.    At  the  same  time  an  AFTO  Form  350  is  made, 
attached  to  the  unit,  and  the  unit  routed  to  RFC.    RFC  sent 
the  unit  to  your  shop  (work  center  C3360)  for  the  work  that 
would  be  needed  to  make  the  unit  serviceable •    You  made  a 
bench  check  of  the  unit  to  try  to  find  why  it  did  not  work 
(block  14,  AFTO  Form  350)  but,  the  unit  checked  out  OK.  Even 
though  the  valve  checked  OK  and  no  repair  was  made,  you  must 
use  an  AFTO  Form  349  to  show  the  time  you  used  to  check  the 
unit.    This  is  what  you  are  to  do  now.    Keep  in  mind,  the 
malfunction  code  used  should  show  the  corrective  action  you 
took. 

(3)    Have  the  instructor  check  your  AFTO  Form  349 
before  you  go  on  to  the  next  project* 
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Foldout  2,    Test  Facility  Electrical  Schematic. 
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Foldout  3.    Test  Facility  ElecLricai  Schematic. 


27 


^34 


935 


WORKBOOK 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


CONTROLS  OF  MB-3  LEAKAGE  TESTER 


12  JUNE  1984 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 


DO  NOT  USE  ON  THE  JOB 


936 


Environmental  Pneudraulic  Branch 
Chanute  AFB,  Illinois 


C3ABR42331-WB-316 


OPERATION  OF  MB- 3  LEAKAGE  TESTER 

OBJECTIVE 

Using  applicable  TO  containing  a  diagram  of  the  control  panel  of  a 
cabin  pressure  leakage  tester,   relate  the  controls  and  gages  to  their 
function  with  80%  accuracy. 

EQUIPMENT 

TO  33A4-4-10-1 

PROCEDURE 

This  package  presents  information  to  you  in  the  form  of  questions  and 
incomplete  statements.     Read  the  TO  closely,  answer  the  questions  and 
complete  the  statements  by  writing  the  necessary  information  in  the  blank 
space  provided.     CAUTION:    Don't  just  skim  through  the  :0  looking  for  key 
words  or  phrases  that  help  you  find  the  answers*    Study  the  information  in 
the  TO  and  make  sure  you  understand  it.     In  the  very  next  lesson  you  will  be 
required  to  pressurize  an  aircraft  cabin  using  this  tester.     So,  learn  the 
material  well  and  save  yourself  some  time  later  on. 

Take  TO  33A4-4-10-1  from  the  file  and  open  it  to  section  I. 

1.        What  is  the  name  of  the  company  tha    makes  the  MB-T  cabin  leakage 

tester? 


2.        The  tester  is  designed  to  supply 
cabins  at 


to  aircraft 


for 


under 
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3.       How  much  air  and  piassure  is  the  tester  capable  of  producing? 


4.        Is  the  tester  suitable  for  use  under  world-wide  climatic 

conditions?    _  

5*       The  instrument  panel  contains  instrumentation  to  indicate 


 — * 

« 

6.  The  tester  is  shipped  wired  for  volt  service. 

Note;  Refer  to  paragraph  1-12  and  1-14  to  complete  questions  7 
thru  21. 

7.  The  blower  pressure  gage  indicates  

of  the  blower. 


8.        The  cabin  pressure  gage  indicates 


of  the  aircraft  under  test. 


9.        The  rate  of  cabin  pressure  change  indicator  is  a  standard 

with  a  special  dial  to 


indicate   or    pressures  rather 

than  or   . 


10.        What  is  the  purpose  of  the  air  temperature  indicator? 


II.        What  does  the  canopy  seal  pressure  indicator  show? 
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12.        What  is  another  name  for  the  cabin  pressure  regulator? 


13.       What  does  it  control? 


14.  The  canopy  seal  aii  regulator   

  in  the   

15.  How  is  the  dump  valve  operated? 

16.  What  does  the  dump  valve  control? 


17.        What  does  the  flowmeter  do? 


18.  Refer  to  figure  1  in  this  text  and  figure  4-1  in  the  TO  and  Labe 
the  components  represented  by  a  letter. 


a. 
b. 


d. 
e. 
f. 

g- 
h. 

i. 

j. 
k. 
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Study  TO  paragraph  4-10  ^losey  and  answer  the  following  questions, 
33*       What  is  the  approximate  weight  of  one  cubic  foot  of  air  at 
70  degrees  F  and  14,7  psia?   

34.  Take  the  answer  that  you  got  for  question  32  and  convert  it  to 
pounds  per  minute  by  the  method  outlined  in  TO  paragraph  4-10,    What  is  your 

answer?   

If  your  answer  is  not  9.165  ppm  you  have  made  a  mistake.    Go  back  to 
question  32  and  try  again. 

35.  If  the  air  temperature  should  exceed  150  degrees  F  or  if 
barometric  pressure  was  something  other  than  14.7  psia>  you  would  have  to 
use  the  chart  shown  in  TO  figure  4-4  to  convert  CFM  to  PPM.    We  won't  have 
you  learn  this  chart  since  most  all  aircraft  TOs  limit  air  temperature  for 
leakage  tests  to  120  degrees  F. 

Note:    Refer  to  paragraph  4-4  to  answer  the  following  questions  by 
filling  in  the  blanks. 

36.  The  cabin  pressure  regulator  determines 


37.       The  dump  valve  is  used  to 


Clockwise  rotation  the  valve. 


38.        The  canopy  seal  air  regulator  controls 


Turning  this  control  clockwise 


Note:  After  you  have  completed  this  workbook,  return  it  to  the 
instructor  for  grading. 
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OBJECTIVES 


1,  Specify  the  principle  of  air  flow  control  with  80%  accuracv, 

2,  Relate  the  components  of  an  airflow  control  and  shutoff  valve 
to  their  operation  with  80%  accuracy. 


This  programmed  text  presents  information  in  small  steps  called 
"frames/*    Read  the  material  presented  in  each  frame  and  respond  as 
directed.    After  each  frame  you  are  required  to  answer  true/false 
statements,  multiple  choice  questions,  match  statements,  or  identify 
a  part  on  a  drawing-    DO  NOT  MARK  IN  THIS  TEXT.    After  making  your 
response t  check  the  accuracy  at  the  top  of  the  following  page.  If 
your  answer  is  not  correct,  go  over  the  material  until  you  understand 
the  reason  for  your  error  before  going  to  the  next  frame. 


This  text  was  prepared  to  help  you  to  learn  to  maintain  the  Airflow 
Control  and  Shutoff  Valve.    You  will  learn  to  identify  and  explain  the 
function  of  each  of  its  parts,  and  how  to  make  the  necessary  checks 
and  adjustments.    A  numbered  schematic  is  included  in  figure  1  to  help 
you  see  the  relationship  of  the  components. 

The  first  thing  we  will  discuss  is  the  operation  of  the  parts  which 
make  up  the  airflow  control  and  shutoff  device.    They  are: 


1. 

venturi 

2. 

servo  controller 

3. 

pressure  regulator 

4. 

solenoid  valve  "A" 

5. 

pneumatic  actuator 

6. 

altitude  compensator 

7. 

solenoid  valve  "B" 

8. 

manual  override  control 

9. 

filter 

After  becoming  familiar  with  these  parts,  you  will  see  how  they 
operate,  step-by-step.    Locate  each  part  on  figure  1  as  we  discuss  it. 
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FRAME  1 


The  venturi,  figure  2  (1),  forms  the  base  for  the  airflo  control 
and  shutoff  valve*    With  no  butterfly  valve,  the  venturi  is  just  a  flow 
limiting  device;  it  is  not  a  control  device.    Take  a  close  look  at  the 
venturi.    Notice  that  the  center  of  the  venturi  is  smaller  than  either 
of  its  ends.    This  center  part  is  the  throat.    The  inlet  is  located  to 
the  right  of  the  throat  and  is  the  base  of  the  venturi.    The  throat 
and  the  base  of  the  venturi  both  have  tap-off  connections  through  which 
the  air  pressure  is  taken  to  operate  the  valve.    The  tap-off  at  the 
throat  is  labeled  (A)  and  the  one  at  the  base  is  labeled  (B).  The 
pressures  from  the  throat  and  the  base  provide  the  valve  with  differential 
pressures.    Basically,  differential  pressures  are  different  pressures. 
When  a  flow  of  air  is  sent  through  the  venturi  from  the  base  to  the 
throat  as  shown  in  figure  2,  it  gives  an  effect  that  is  known  as 
Bernoulli's  Principle. 
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Figure  1.    Airflow  Control  and  Shutoff  Valve. 
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FRAME  2 


Bernoulli's  Principle  has  its  roots  in  fluid  mechanics.  Basically, 
it  states  that  the  pressure  exerted  by  a  moving  fluid  decreases  when  the 
fluid  speeds  up  and  increases  when  the  fluid  slows  down*    For  example, 
suppose  that  water  is  being  forced  through  a  horizontal  pipe,  one 
section  of  which  is  narrower  than  the  rest.    The  water  has  to  flow 
faster  through  the  narrow  section  and  thus  must  exert  less  pressure 
there  than  on  the  other  sections.    This  principle  also  applies  to 
airflow.    As  you  can  see  in  figure  2,  the  pressure  at  point  B  is  less 
than  that  at  points  A  or  C. 


Figure  2.    Bernoulli's  Principle. 

Pick  the  statements  that  are  true  (T)  and  those  that  are  false  (F). 

1.  The  venturi  is  a  flow  limiting  device. 

2.  The  venturi  is  a  source  of  differential  pressure. 

3.  As  the  speed  of  air  through  the  throat  of  the  venturi  increases, 
pressure  at  the  throat  will  drop. 
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Answers  to  Frame  2.  1*  T 


2.  T 


3,  T 


FRAME  3 


The  servo  controller »  shown  in  figure  1  (2)  and  figure  3,  Is  made 
up  of  two  diaphragm  control  sections,  the  main  or  primary  servo  section 
and  the  secondary  servo  section.    Each  servo  section  is  made  up  of  an 
air  chamber  dlvldied  by  a  diaphragm*    A  metering  valve  Is  placed  between 
these  diaphragms.    A  spring  In  the  left  side  of  the  secondary  servo 
section  moves  the  metering  valve  to  the  right  (open)  when  air  pressure 
In  both  sides  of  the  main  servo  section  Is  the  same.    This  happens  wh^n 
there  Is  no  airflow  through  the  venturl.    The  metering  valve  mo  es  to 
the  left  (closed)  when  pressure  In  the  right  side  of  the  main  servo 
section  Increases.    This  happens  when  there  Is  an  Increase  In  air 
pressure  at  the  bae^  of  the  venturl.    Ths  metering  valve  Is  set  up  to 
move  toward  the  closed  position  to  prevent  a  surge  of  air  from  going 
Into  the  air  conditioning  system.    Such  a  surge  of  air  could  damage  the 
air  conditioning  ducts.    The  air  that  leaves  the  servo  controller  goes 
to  the  pneumatic  actuator.    The  air  that  Is  used  to  operate,  both  the 
servo  controller  and  the  pneumatic  actuator  come  from  the  venturl. 


FROM  PRESSURE  REGULATOR 

pFROM  ALTITUDE 
.J  COMPENSATOR 


TO  PNEUAAATIC  ACTUATOR 


METERING  VAl 


FROM  BASE 


the 

sta 


Figure  3.    Servo  Controller. 
Use  figures  1  and  3  as  guides  to  pick  the  statements  that  describe 
purpose  or  characteristics  of  the  servo  controller.    Answer  the 
tements  as  true  (T)  or  false  (F). 


1.  The  metering  valve  of  the  servo  controller  controls  the  flow 
of  air  to  the  venturl. 

2.  The  metering  valve  of  the  servo  controller  Is  controlled  by 
differential  pressure  and  spring  force. 

3.  The  servo  controller  receives  air  pressure  from  both  the 
venturl  throat  and  base. 

4.  When  the  metering  valve  Is  moved  to  the  right  It  partially 
blocks  tne  airflow  to  the  pneumatic  actuator. 
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Answers  to  Frame  3.  1.    F        2,    T        3.    T        4.  F 

FRAME  4 

The  metering  valve  is  moved  to  the  right  by  the  spring  when 
there  is  no  pressure  in  the  system,  or  when  pressure  from  the  venturi 
is  the  same  on  both  sides  of  the  main  servo  diaphragm. 

The  metering  valve  is  moved  to  the  left  when  pressure  at  the  throat 
of  the  venturi  drops.    The  flow  of  air  from  the  pressure  regulator  will 
iiOw  pass  through  the  servo  controller  and  into  the  pneumatic  actuator. 
This  flow  of  air  is  partially  blocked  by  the  metering  valve. 

From  the  right-  hand  column  pick  the  statement  that  matches  a 
component  or  part  of  a  component  in  the  left-  hand  coliimn.  Each 
response  may  be  used  only  once. 


1. 

Metering  Valve. 

A. 

Senses  differential  pressure 

from  the  venturi. 

2. 

Secondary  Servo  Spring. 

B. 

Controls  airflow  to  the 

3. 

Main  Servo  Diaphragm. 

Pneumatic  Actuator. 

4. 

Venturi. 

C. 

Moves  the  metering  valve  of 

the  servo  controller  to  the 

5. 

Seirvo  Controller. 

right.  I 

D.     Provides  differential  pressure 
CO  the  servo»  controller. 


E.      Restricts  airflow  to  the 
pneumatic  actuator  when 
throat  pressure  of  the 
venturi  drops. 
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Answers  to  Frame  4.  1        2.    £        3.    A        ^»    D        5»  ^ 

FRAME  5 

The  riressure  regulator,  figure  1  (3),  lowers  the  pressure  of  the 
air  that  Is  tapped  off  from  the  base  of  the  venturl.    The  pressure 
regulator  Itself  Is  a  spring- loaded,  diaphragm-actuated  relief  valve 
that  reduces  air  pressure  down  to  12  to  35  pslg.    The  air  pressure  varies 
depending  on  the  supply  pressure  that  Is  tapped  off  from  the  base. 
(The  abbreviation  "pslg"  stands  for  the  pressure  In  pounds  per  square 
Inch  that  can  be  measured  on  a  gage.) 

From  the  list  of  words  provided  at  the  bottom  of  the  page,  complete 
each  of  the  statements  concerning  the  venturl,  servo  controller,  and 
pressure  regulator. 

1.  Pressure  for  the  control  system  of  the  airflow  control  and 
shutoff  valve  comes  from  the  tap-o'^f  of  the  venturl. 

2.  The  venturl  sends  air  pressure  to  the  

section  of  the  servo  controller. 


3.     A  pressure  of  12  to  35  pslg  Is  kept  In  the  control  system  by 


the 


4.     Airflow  to  the  pneumatic  actuator  Is  controlled  by  the 


5.      The  pressure  regulator  Is  operated  by  spring  force  and  a 

pneumatic  . 

Select  from  the  following  the  word  or  words  to  complete  the 

Pressure  Regulator  Metering  Valve 

Base  High  Pressure 

Diaphragm  Main  Servo 

Low  Pressure  Secondary  Servo 

Servo  Controller  Venturl 
Throat 
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Answers  to  Frame  5.    1.    Base     2.    Main  Servo     3.    Pressure  Regulator 

4.    Servo  Controller     5.  P-^.aphragm 

FRAME  6 

Air  pressure  from  the  base  tap-off  of  the  venturi  goes  through  the 
filter  (9)  where  bits  of  dirt  are  removed  before  the  air  goes  in  the 
lower  chamber  of  the  pressure  regulator.    As  pressure  builds  up  in  the 
lower  chamber,  it  lifts  the  diaphragm  up  against  the  force  of  a  spring 
that  is  pushing  down  from  the  top.    As  the  diaphragm  gees  up,  the  relief 
poppet  opens  and  dumps  the  high  pressure  from  the  control  systems.  The 
relief  poppet  is  closed  by  the  spring  that  pushes  down  from  the  top. 

Use  figure  1  as  a  guide  to  pick  the  statements  that  are  true  (T) 
or  false  (F). 

1.  Air  for  the  pressure  regulator  comes  from  the  throat  of  the 
venturi. 

2.  The  pressure  regulator  keeps  a  constant  pressure  in  the 
control  system  regardless  of  the  supply  pressure  from  the  venturi. 

3.  The  pressure  regulator  sends  pressure  directly  to  work  the 
pneumatic  actuator. 

4.  Air  from  the  pressure  regulator  that  moves  the  pneximatic 
actuator  is  controlled  by  the  servo  controller. 

5.  The  servo  controller  controls  actuating  pressure  in  the 
control  system. 
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Answers  to  Frame  6.    !•    F       2.    F        3.    JF        4,    T        5,  T 
FRAME  7 

Solenoid  valve  '*A"  (4)  of  the  airflow  control  and  shutof f  valve 
is  the  ON-OFF  control  for  this  part.    Solenoid  valve  "A"  is  a  PC  part 
that  is  moved  by  aircraft  power.    When  the  air  conditioning  system  is 
shut  down  the  valve  will  be  energized  dosed.    Solenoid  valve  "A"  is 
spring  loaded  to  the  open  position.    For  normal  operation,  power  is  not 
sent  to  the  solenoid.    Solenoid  valve  "A*'  is  controlled  by  the  main  air 
conditioning  switch. 

Complete  the  statements  by  listing  the  word(s)  in  parentheses 
that  make  the  statement  true. 

1.  Solenoid  valve  "A"  must  be  (energized;  de-energized)  to 
close  the  airflow  control  and  shutoff  valve. 

2.  If  a  power  loss  is  experienced  on  the  aircraft  in  flight,  the 
airflow  control  and  shutoff  valve  would  (close;  operate  normally). 

3.  Solenoid  valve  "A"  is  (energized;  de-energized)  when  the 
air  conditioning  system  is  in  operation. 

4.  Solenoid  valve  "A"  gets  air  straight  from  the  (venturi; 
pressure  regulator;  servo  controller). 

5.  V^-jn  solenoid  valve  "A"  is  energized,  pressure  at  the  thror  n 
of  the  venturi  is  (more  than;  the  same  as;  less  than)  pressure  at  the 
base  of  the  venturi. 
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Answers  to  Frame  7-     !•    energized     2.    operate  normally    3,  de-energized 


4.    servo  controller     5.    the  same  as 

FRAME  8 

The  pneumatic  actuator  (5)  is  a  spring  loaded,  diaphragm  operated 
device.    It  is  hooked  to  a  butterfly  valve  by  linkage.    The  top  half  of 
the  actuator  is  a  pnuematic  chamber.    The  bottom  half  has  a  vent  to  the 
atmosphere  and  has  two  springs-    These  springs  force  the  diaphragm 
and  linkage  up  to  close  the  butterfly  when  air  pressure  is  removed 
from  the  top  side  of  the  diaphragm.    When  air  pressure  from  the  servo 
controller  goes  through  the  de-energized  solenoid  valve  "A"  to  the  top 
half  of  the  pneumatic  actuator,  the  diaphragm  and  linkage  are  forced 
do^*  ^^TJjis  will  cause  the  butterfly  valve  to  open-    When  solenoid 
valve  "A"  is  energized,  air  pressure  to  the  top  half  is  shut  off- 

Use  figure  1  as  a  guide,  give  the  number  in  figure  1  that 
identifies  each  of  the  major  components  listed- 


1. 

Pneumatic  Actuator. 

2. 

Servo  Controller. 

3. 

Solenoid  Valve  "A". 

4. 

Venturi. 

5. 

Pressure  Regulator. 

6. 

Filter. 
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Answers  to  Frame  8,  1.  (5)  2.  (2)  3.  (4)  4,  (1)  5-  (3)  6,  (9) 
FRAME  9 

The  altitude  compensator  (6)  is  an  aneroid  controlled  metering 
valve.    The  aneroid  is  an  evacuated  container  that  has  a  set  internal 
pressure.    With  a  rise  in  the  altitude  of  the  aircraft,  the  aneroid 
expands.    At  a  set  altitude,  the  aneroid  will  expand  enough  to  let 
pressure  from  the  control  system  to  go  in  the  left  side  of  the  secondary 
servo  and  force  the  diaphragm  and  meteriiig  valve  to  the  right.  This 
will  let  more  air  to  flow  to  the  pneumatic  actuator  and  will  cause  the 
butterfly  to  open  more  and  cause  the  flow  of  more  air  to  the  air  condi- 
tioning package.    On  the  other  hand,  as  the  aircraft  comes  down  from 
high  altitudes  the  aneroid  contracts  and  the  metering  valve  starts 
to  close,  thus  reducing  airflow  to  the  secondary  servo.    The  altitude 
compensator  works  with  the  servo  controller  to  maintain  a  constant 
pneumatic  pressure  to  give  a  constant  air  output. 

Answer  the  st&iements  as  true  (T)  or  false  (F). 

1.  The  altitude  compensator  will  cause  an  increase  in  the 
flow  of  air  to  the  air  conditioning  package  at  high  altitudes. 

2.  As  aircraft  altitude  increases ^  the  aneroid  in  the  altitude 
compensator  contracts. 

3.  The  metering  valve  of  the  altitude  compensator  controls  the 
flow  of  air  to  the  secondary  servo  diaphragm. 

4.  As  the  aneroid  expands,  the  flow  of  air  to  the  air  conditioning 
package  is  reduced. 

5.  Whem  the  aneroid  of  the  altitude  compensator  has  expanded, 
the  butterfly  valve  of  the  airflow  control  and  shutoff  valve  will 
open. 
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Answers  to  Frame  9.    1.    T     2.    F     3.    T     4«    F     5.  T 

FRAME  10 

Solenoid  valve  **B"  Is  a  valve  that  Is  usually  spring  loaded  closed. 
It  Is  energized  open  only  during  ground  operation  and  Its  function  Is  to 
reduce  the  amount  of  air  that  flows  to  the  cabin  air  conditioning  system. 
During  ground  operation »  a  gas  turbine  compressor  (GTC)  Is  used  to  run 
the  ATM  for  electrical  power  and  to  nin  the  air  conditioning  system 
Since  the  gas  turbine  cotnpressor  cannot  produce  as  much  air  as  the  aircraft 
engines »  the  alrf.Tow  cor.:rol  and  shutoff  valve  will  reduce  air' flow  to 
the  air  conditioning  system  so  that  the  majority  of  the  air  produced  by 
the  GTC  can  be  used  to  run  the  ATM. 

When  solenoid  valve  "B*'  Is  energized »  air  Is  vented  from  the  left 
side  of  the  main  servo  section.    The  amount  of  air  that  Is  vented  Is 
controlled  by  an  adjustment  screw  (11).    As  the  air  Is  vented»  the  higher 
pressure  on  the  right  side  of  the  main  servo  diaphragm  will  force  the 
metering  valve  to  the  left»  restricting  the  amount  of  air  to  the 
pneumatic  actuator.    With  less  air,  the  pneumatic  actuator  will  move  up» 
causing  the  butterfly  to  move  toward  the  closed  position  and  reducing 
the  amount  of  air  to  the  air  conditioning  system* 

Answer  the  statements  as  true  (T)  or  false  (F).    Use  the  foldout 
If  necessary. 

1.  When  the  gas  turbine  compressor  Is  used  as  the  source  of  air 
for  system  operation,  solenoid  valve  "B**  Is  de**energlzed. 

2.  Wheu  solenoid  valve  "B*'  Is  energized,  the  metering  valve  of 
the  servo  controller  will  move  to  the  left. 

3.  When  In  the  ground  schedule  operation  of  the  air  conditioning 
system,  solenoid  "B"  Is  energized. 

4.  When  solenoid  valve  "B"  Is  energized,  the  flow  of  air  to  the 
air  conditioning  system  Is  stopped. 
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Answers  to  Frame  10,         !•    I.     2,    T     3.    T     A,  T 
FRAME  11 

The  manual  override  control  (8)  is  an  emergency  system.  It  will 
start  or  stop  the  flow  of  air  to  the  pneumatic  actuator  should 
solenoid  valve  "A"  fail  in  the  closed  position.    Air  for  this  operation 
comes  from  the  pressure  regulator  through  the  servo  controller.  An 
air  line  is  used  to  send  air  to  the  pneumatic  actuator.    The  manual 
override  control  is  a  caT  and  poppet  that  is  moved  by  a  TELEFLEX  c*^Me, 
When  the  handle  of  the  teleflex  control  is  placed  to  the  open  pop  ^ion, 
the  cam  is  turned  and  will  push  on  the  right-hand  poppet  and  cause  the 
poppet  to  open.    Air  is  then  sent  to  tht  top  side  of  the  pneumatic 
actuator.    This  will  cause  the  butterfly  ^valve  to  open.    Once  the 
butterfly  is  open  the  flow  of  air  is  metered  by  the  servo  controller 
to  the  pneumatic  actuator.    This  maintains  a  constant  flow  of  air  to 
the  air  conditioning  system.    To  shut  the  system  down  (OFF)  the  remote 
control  io  placed  to  the  closed  position;  again,  the  cam  is  turned, 
and  will  let  the  right-hand  poppet  close  as  the  left  poppet  in  opened 
by  the  cam.    With  the  left-hand  poppet  open  air  is  dumped  from  the 
pneumatic  actuator  top  side  and  the  butterfly  valve  will  close.  This 
stops  the  flow  of  air  to  the  air  doncitioning  system* 

Use  figure  2  as  a  guide  to  answer  the  statements  as  true  (T)  or 
false  (F), 

J 

1,  A  remote  controlled  cam  and  two  poppets  control  the 
pneximatic  actuator  when  solenoid  valve  "A**  fails  in  the  closed  position. 

2,  The  airflow  control  and  shutoff  valve  will  not  automatically 
keep  a  calibrated  airflow  when  the  manual  override  control  is  being 
used, 

3,  Thp-  manual  override  control  bypasses  solenoid  valve  "A", 

4,  The  servo  controller  will  meter  the  flow  of  air  to  the  pneumatic 
actuator  when  the  manual  control  is  being  used, 

5,  The  teleflex  cable  directly  controls  the  poppet  valves  of  the 
manual  override  control. 
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Answers  to  Frame  11.         !•    I     2.    F     3.    T     A.    T     5.  F 

?mm  12 

From  the  right-hand  column »  pick  the  statement  that  best  describes 
the  purpose  or  operation  of  each  of  the  components  In  the  left-hand 
column. 


1 .  Venturi  A. 

2.  Solenoid  Valve  "A" 

3.  Servo  Controller  B. 

4.  Manual  Override 

Control  C. 

5*     Pressure  Regulator 

6.      Solenoid  Valve  "B"  D. 

7*     Altitude  Compensator 

E. 

8»      Pneumatic  Actuator 

F. 
6. 
H. 


Increases  airflow  to  the  air 
conditioning  package  at  high 
altitude. 

Provides  differential  pressure 
for  the  control  system. 

Controls  airflow  to  the  pneumatic 
actuator  when  solenoid  valve  "A" 
is  inoperative. 

Meters  airflow  to  the  pneusiatic 
actuator. 

R'^duces  pressure  in  the  control 
system. 

Controls  the  amount  of  airflow 
to  the  air  conditioning  system. 

Turns  the  air  conditioning  system 
ON  and  OFF. 

Is  used  to  control  system  operation 
when  the  aircraft  is  on  the  ground. 
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Answers  to  Frame  12,  B     2.    G     3.    D     A.    £     5.    E     &•  H 

7.    A     8.  F 

FMm  13 

Now,  just  as  a  review,  write  the  names  of  the  major  components 
that  corresponds  to  the  numbers  In  parentheses.    Use  figure  4,  If  you 
must,  to  help  you  name  all  of  them. 


1. 

(8) 

2. 

(2) 

3. 

(6) 

A. 

(3) 

5. 

(5) 

6. 

(9) 

7. 

(1) 

8. 

(A) 

9. 

(7) 

You  can  check  your  responses  to  this  frame  at  the  top  of  the 
next  page. 
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Answers  to  Frame  13. 

!•  Manual  Override  Control 

2.  Servo  Controller 

3.  Altitude  Compensator 
A.  Pressure  Regulator 

5.  Pneumatic  Actuator 

6.  Filter 

7.  Venturi 

8.  Solenoid  Valve  "A" 

9.  Solenoid  Valve  "B" 
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Environmental  Pneudraulics  Branch  3ABR42331-WB-312A 
Chanute  AFB,  Illinois 

BENCH  CHECK  AIRFLOW  REGULATOR 

OBJECTIVE 

Using  the  applicable  TO,  electrical/pnexunatic  component  trainer 
and  the  necessary  tools,  bench  check  and  repair  an  airflow  control  and 
shutoff  valve  with  a  maximum  of  two  instructor  assists* 

EQUIPMENT 

Airflow  Regulator 
Electric  Pneumatic 

Trainer  (3038) 
A"  Screwdriver 
1/2"  X  3/8"  Open  End  Wrench 
TO  Index  0-1-1-3 
TO  Index  0-1-15 

INSTRUCTIONS 

This  workbook  is  in  eight  sections.    The  first  one  is  to  f amilia't 
you  again  with  the  3038  trainer.    Section  two  has  you  use  a  diagram  anU  710 
to  identify  and  inspect  the  components  of  an  airflow  regulator.  Section 
eight  has  you  document  the  bench  check  action  on  an  AFTO  Form  349. 

You  will  be  required  to  use  TO  indexes  to  finci  the  correct  tech  order 
•number  for  the  valve  you  will  bench  check.    Under  the  heading  "EQUIPMENT" 
you  can  find  the  TO  index  number  and  the  regulator  part  number.    Using  this 
information  you  will  be  able  to  find  the  correct  tech  order  for  the  regulator. 
All  indexes  and  overhaul  tech  orders  are  located  in  the  TO  file. 

Section  1.    ELECTRIC  PNEUMATIC  TESTER  TRAINER  (3038) 

1.  jse  figure  1  to  familiarize  yourself  with  the  trainer  by  locating 
the  listed  parts.  You  will  be  using  the  trainer  to  bench  check  the  airflow 
regulator. 

a.  Voltage  adjustment  potentiometer  (A).    This  is  used  to 
adjust  the  DC  voltage  on  the  trainer. 

b.  Low  capacity  orifice  f lowmetev  CB) .    An  orifice  is  put 

in  this  portion  of  the  tester  so  that  a  differential  pressure  may  be  kept 
at  the  manometers. 


Supersedes  3ABR42311-WB-312A,  26  June  1980. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  DAV  -  1 

2 


ERLC 


959 


F  A  F 


.A.  VOLTAGE  ADJUSTMENT  POTENTIOMETER  O.PREaSION  TIMER 

B.  LOW  CAPACITY  FLOWMETER  E. PNEUMATIC  PATCHING  PANEL 

C.  ELECTRICAL  PATCHING  PANEL  F. MANOMETERS 


Figure  1.    Trainer  No.  3038  -  Electric  Pneumatic  Tester. 

c.  Electrical  patching  panel  (C).    Electrical  wires  will  be 
hooked  from  this  panel  to  the  valve  under  test. 

d.  Precision  timer  (D) .    Gives  the  cycling  time  of  the  part 
under  test.    Press  down  on  the  black  lever  to  reset  before  each  test. 

e.  Pneumatic  patching  panel  (E)*    Hoses  will  be  hooked  from 
this  panel  to  the  valve  under  test. 

f.  Manometers  (F).    These  are  pressure  measuring  devices. 
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Section  2.    IDENTIFY  AND  INSPECT  THE  COMPONENTS  OF  AN  AIRFLOW  REGULATOR 
!•      Go  to  locker  2  and  get  one  airflow  regulator »  part  number  106616. 

2.  Set  the  valve  on  the  trainer  so  the  large  end  of  the  venturi  is 
to  your  right,  and  the  valve  position  indicator  is  facing  you.  Your 
view  of  the  valve  should  match  the  view  in  figure  7A. 

3.  Use  figure  7A  to  find  each  part  on  the  valve.    As  you  find  each 
part  put  a  checkmark  in  the  blank  on  your  response  sheet. 


a.  Adjustment  screw  ''A** 

b.   Test  port  ''A'' 

c.   Adjustment  screw  ''B" 

d-   Adjustment  screw  **E" 

  Position  indicator 

f  •  Venturi 

g.   Test  port  •'B** 

h.   ^  Altitude  sensing  port 


A.      Get  a  TO  index  0-1-15  from  the  TO  file.    Turn  to  the  table  of 
contents  located  in  Che  front  of  the  TO.    Research  the  airflow  regulator 
valve,  part  number  (P/N)  106616  to  find  the  correct  TO  which  covers 
"Overhaul  Instructions.**    Answer  the  following  questions  on  your  response 
sheet. 

a.      The  TO  number  is 


b.      The  basic  date  of  this  TO  is 


c.      The  change  date  of  this  TO  is  . 

5-      From  the  information  provided  in  the  TO,  write  down  the 
inspection  requirements  for  the  airflow  regulator. 

a.  Inspect  all  parts  for  evidence  of  

b.  Inspect  all  metering  orifices  and  internal  air  passages 

for 


and 


c.      Inspect  all 
parts  for   
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Section  3.    ALTITUDE  COMPENSATOR  BELLOWS  PRESET  ADJUSTMENT 


!•      You  are  now  ready  to  start  calibrating  the  airflow  regulator. 
Carefully  f olio    each  step  of  the  calibration  process.     If  you  have  any 
difficulty,  geu  the  instructor.  .The  first  adjustment  is  the  altitude 
compensator  bellows  preset  adjustment. 

2.  Look  at  figure  7A  and  find  adjustment  screw  "B."    By  turning 
adjustment  screw  "B"  you  are  adjusting  the  position  of  the  bellows  in 

the  altitude  compensator.    The  altitude  compensator  is  an  aneroid  controllec. 
metering  valve.    The  job  of  the  compensator  is  to  open  the  valve  butterfly 
to  let  more  air  flow  through  the  valve  as  the  aircraft  altitude  increases. 
The  compensator  is  made  of  a  bellows,  spring,  and  an  altitude  compensator 
adjustment  screw  "B." 

3.  Loosen  the  locknut  that  holds'  adjustment  screw  "B"  in  plr.ce. 
Turn  adjustment  screw  "B"  clockwise  (  until  it  bottoms  (stops 
turning).    When  it  hits  bottom,  DO  NOT  FORCE  IT  ANY  TIGHTER. 

4.  Turn  adjusting  screw  "B"  exactly  3  1/2  turns  counterclockwise 
(MT^).    Turn  the  locknut.    Be  sure  that  you  do  not  move  adjustment 
screw  "B."      This  adjustment  presets  the  altitude  compensator  bellows. 

Section  4.    AIR  PRESSURE  REGULATOR  CALIBRATION  AND  ELECTRICAL  CHECK 

1.  You  will  now  set  the  air  pressure  regulator  section  of  the 
airflow  regulator.  Look  at  figure  7A  and  find  adjustment  screw  "A." 
The  air  pressure  regulator  reduces  air  pressure  in  the  control  air 
system  of  the  airflow  regulator  (schematic  diagram,  figure  7B).  The 
air  pressure  reguator  is  a  relief  valve.  Operation  of  the  regulator 
is  controlled  by  a  spring  loaded  diaphragm. 

2.  The  electrical  wires  and  pneumatic  hoses  used  for  connecting 
the  valve  to  the  trainer  are  in  the  bottom  of  the  trainer. 

3.  Using  the  electrical  wires,  connect  the  valve  to  the  trainer 
electrical  patching  panel  according  to  the  seeps  below.  .  As  you  do  each 
of  the  steps,  place  a  checkmark  in  the  blank  on  your  response  sheet. 

a.  F  on  the  trainer  to  A  on  the  valve  cannon  plug 


b.   G  on  the  trainer  to  B  on  the  valve  cannon  plug 


c.  R  on  the  trainer  to  C  on  the  valve  cannon  plug 


d.   Turn  valve  V3  on  the  trainer  clockwise  to  the 

OFF  position. 

A.      The  electrical  wires  will  stay  connected  throughout  the  entire 
bench  check. 


V5 


Figure  2 

5.      Look  at  figure  2  when  connecting  the  pneumatic  hose?*  to  the 
trainer  pneumatic  patching  panel  and  to  the  valve.    The  hoses  are  shown 
by  heavy  black  lines •     Check  off  each  item  on  your  response  sheet • 


a« 
b. 
c. 


(refer  to  figure  7A) 


f  • 


D7  to  8A 

SB  to  the  inlet  side  of  the  valve 
Test  port  A  to  9A 

Take  the  cap  from  the  altitude  sensing  port 

HAVE  THE  INSTP.UCTOR  CHECK  YOUR  CONNECTIONS. 
Plug  the  3  trainer  power  cords  in  the  receptacles 


on  the  wall  behind  the  trainer. 

8*   Place  switch  S-1  on  the  trainer  to  the  ON 


position. 


h- 


28V  DC  to  solenoid  A. 
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Place  switch  S-2  to  the  3  position.    This  puts 
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Section  3-    ALTITUDE  COMPENSATOR  BELLOWS  PRESET  ADJUSTMENT 


!•      You  are  now  ready  to  start  calibrating  the  airflow  regulator. 
Carefully  follow  each  step  of  the  calibration  process.    If  you  have  any 
difficulty,  get  the  instructor*    The  first  adjustment  is  the  altitude 
compensator  bellows  preset  adjustment. 

2.  Look  at  figure  7A  and  find  adjustment  screw  "B."    By  turning 
adjustment  screw  "B"  you  are  adjusting  the  position  of  the  bellows  in 

the  altitude  compensator.    The  altitude  compensator  is  an  aneroid  concrolle 
metering  valve.    The  job  of  the  compensator  is  to  open  the  valve  butterfly 
to  let  more  air  flow  through  the  valve  as  the  aircraft  altitude  increases. 
The  compensator  is  made  of  a  bellows,  spring,  and  an  altitude  compensator 
adjustment  screw  "B." 

3.  Loosen  the  locknut  that  holds*  adjustment  screw  "B"  in  place. 
Turn  adjustment  screw  "B"  clockwise  ( y*"**^)  until  it  bottoms  (stops 
turning).    When  it  hits  bottom,  DO  NOT  FORCE  IT  ANY  TIGHTER. 

A.      Turn  adjusting  screw  "B"  exactly  3  1/2  turns  counterclockwise 
(Jf^^).    Turn  the  locknut.    Be  sure  that  you  do  not  move  adjustment 
screw  "B."      This  adjustment  presets  the  altitude  compensator  bellows. 

Section  4.    AIR  PRESSURE  REGULATOR  CALIBRATION  AND  ELECTRICAL  CHECK 

1.  You  will  now  set  the  air  pressure  regulator  section  of  the 
airflow  regulator.  Look  at  figure  7A  and  find  adjustment  screw  "A." 
The  air  pressure  regulator  reduces  air  pressure  in  the  control  air 
system  of  the  airflow  regulator  (schematic  diagram,  figure  7B).  The 
air  pressu-re  reguator  is  a  relief  valve.  Operation  of  the  regulator 
is  controlled  by  a  spring  loaded  diaphragm. 

2.  The  electrical  wires  and  pneumatic  hoses  used  for  connecting 
the  valve  to  the  trainer  are  in  the  bottom  of  the  trainer. 

3.  Using  the  electrical  wires,  connect  the  valve  to  the  trainer 
electrical  patching  panel  according  to  the  steps  below.  .  As  you  do  each 
of  the  steps,  place  a  checkmark  in  the  blank  on  your  response  sheet. 

a.  F  on  the  trainer  to  A  on  the  valve  cannon  plug 


b.    G  on  the  .trainer  to  B  on  the  valve  cannon  plug 


R  on  the  trainer  to  C  on  the  valve  cannon  plug 


d.  Turn  valve  V3  on  the  trainer  clockwise  to  the 

OFF  position. 

A*      The  electrical  wires  will  stay  connected  throughout  the  entire 
bench  check. 


V3 


Figure  2 

5.      Lcok  at  figure  2  when  connecting  the  pneumatic  hoses  to  the 
trainer  pneumatic  patching  panel  and  to  the  valve.    The  hoses  are  shown 
by  heavy  black  lines.     Check  off  each  item  on  your  response  sheet • 


a. 
b. 
c. 
d. 


(refer  to  figure  7A) 


D7  to  8A 

8B  to  the  inlet  side  of  the  valve 
Test  port  A  zo  9A 

Take  the  cap  from  the  altitude  sensing  port 

HAVE  THE  INSTRUCTOR  CHECK  YOUR  CONNECTIONS . 
Plug  the  3  trainer  power  cords  in  the  receptacles 


on  the  wall  behind  the  trainer. 

g*   Place  switch  3-1  on  the  trainer  to  the  ON 


position. 


28V  DC  to  solenoid  A. 
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Place  switch  S-2  to  the  3  position.    This  puts 
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15  psig* 


  Turn  V3  counterclockwise  uatil  it  is  full  open* 

j  •    Turn  regulator  R3  clockwise  until  gage  P-A  reads 


 Loosen  the  locknut  on  adjustment  screw  A  and 

adjust  the  screw  until  12  psig  shows  on  gage  P-5.    Tighten  the  locknut* 
Be  careful  not  to  move  adjusting  screw  A*    Adjustment  screw  A  sets  the  air 
pressure  regulator.    We  now  have  12  psi  in  the  valve  control  air  system* 

1*   Turn  R3  counterclockwise  until  10  psig  is  read 

on  gage  P-A* 

Section  5*    THRUST  TEST 

1,  The  thrust  test  is  done  to  see  whether  or  not  the  butterfly 
is  moving  to  the  full  closed  position*    Do  these  steps  to  make  the 
thrust  test  and  check  them  off  on  your  response  sheet* 

a*    Check  the  valve  position  indicator*    It  should 

read  CLOSED* 

b*   Turn  switch  S-2  to  1  position*    This  deenergizes 

solenoid  A* 

c*   Check  the  valve  position  indicator*    It  should 

read  OPEN* 

d*    Turn  switch  S-2  to  3  position*    This  energizes 

solenoid  A* 

•t  .- 

e*    Check  the  valve  position  indicator*    It  should 

read  CLOSED. 

f .    IF  THE  VALVE  INDICATOR  DOES  NOT  READ  "OPEN"  OR 

"CLOSED",  GET  THE  INSTRUCTOR. 

2,  The  valve  should  have  opened  and  closed  with  a  minimum  pressure 
of  10  psi*     If  not,  adjustment  to  screw  ''E''  would  ha  made  (figure  7A)  . 

a*    Turn  regulator  R3  counterclockwise  until  gage 


P-A  reads  0  psig* 

b*   Remove  all  the  pneumatic  hoses* 

c*   Place  the  cap  on  test  port  A* 

d,  DO  NOT  REMOVE  THE  ELECTRICAL  WIRES. 
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PORT 
LEAKAGE 


PRESSURE 
SOURCE 


Figure  3  . 

Section  6.    PORT  LEAKAGE  CHECK 

1.  In  the  next  3tep>  you  will  check  for  port  leakage.  Port  leakage 
is  leakage  past  the  valve  butterfly  with  the  valve  in  the  CLOSED  position. 
Figure  3  is  an  illustration  of  port  leakage • 


IE   ,1 

OtSCK'iflGC  TO 
ATMCSPHCRC 


omrwE  njow  Mcrgmucw  capaoty) 


Figure  4 

2.  Connect  the  pneumatic  hoses,  shown  iii  figure  4  by  the  heavy  black 
lines >  CO  the  trainer  pneumatic  patching  panel  and  the  valve.  Check  off  ea^ 
item  and  make  your  responses  on  the  response  sheet. 
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a-    7D  to  8A 

b»  8B  to  the  valve  inlet 

  TP2  to  the  valve  outlet 

d,    6F  to  A2 

e,    7F  to  El 

f  •   Fl  to  F2 

g»    Place  the  M-1  manometer  on  the  inches  of 

mercury  (Hg)  scale*    This  scale  starts  at  28  inches* 

h*    Set  the  top  of  the  Hg  bubble  to  30  inches* 

i^    Place  the  M-2  manometer  on  the  inches  of  water 

(H2O)  scale  so  that  the  bottom  of  the  bubble  is  on  zero* 

j*    Take  the  steel  cap  off  the  1  1/A  inch  pipe  at 

the  left  side  of  the  trainer*    This  opens  the  outflow  section  of  the 
*150  orifice* 

k*    If  you  have  followed  the  instructions  carefully 

up  to  now,  the  position  indicator  on  the  valve  should  be  at  the  full 
CLOSED  position* 

1*    Check  the  position  of  switch  S-2*     It  must  be  in 

position  3* 

m*    Slowly  turn  valve  VIO  to  the  full  open  position* 

This  allows  a  path  for  exhaust  air  leaving  the  shutoff  valve* 

n*    Slowly  turn  valve  V3  to  the  full  open  position* 


This  allows  air  pressure  to  flow  to  the  trainer* 

Note:    Using  a  grease  pencil,  trace  the  following  steps  on  the  airflow 
schematic  located  to  the  right  of  the  pneumatic  fittings  on  the 
3038  trainer* 

o*      Turn  R-3  clockv/ise  until  50  psig  is  read  on  pressure  gage 
P-A*    This  allows  air  pressure  to  pass  through  connection  7D,  through 
pressure  gage  P-4,  then  to  the  valve.    Even  though  the  valve  io  closed, 
some  air  leaks  through  and  passes  through  VIO,  TP2,  and  then  to  the 
orifice*    Air  pressure  from  the  upstream  side  of  the  orifice  passes 
through  connection  7F  to  El,  into  the  bottom  of  M-1,  and  at  the  same  time 
through  fitting  Fl  to  F2  and  into  the  bottom  of  M-2.    The  mercury  manometer 
(M-1)  is  now  reading  the  absolute  pressure  passing  through  the  valve  and  on 
to  the  orifice*     This  high  pressure  is  also  pushing  the  water  up  in  manometer 
M-2*    After  the  air  passes  through  the  orifice,  the  presssure  will  drop 
due  to  turbulence  caused  by  the  restriction*    This  low  pressure  flows 
through  fitting  6F  to  A2  and  into  the  top  of  manometer  M-2  auu  ^ries  to 
push  the  water  down*    The  point  where  the  two  pressures  meet  and  stabilize 
in  M2  is  the  point  where  the  differential  pressure  is  taken.    To  determine 
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if  the  valve  Is  leaking  excess Ively^  write  down  the  readings  taken  from 
M-1  and  M-2  at  this  time. 

3.      What  Is  the  reading  cn  the  M-1  manometer?  

A.      What  is  the  reading  on  the  M-2  manometer?   

a.    Turn  R-3  counterclockwise  until  0  pslg  is  read 

on  gage  P-A. 

5.      The  next  step  is  to  see  if  the  leakage  of  your  valve  is 
within  normal  limits.    The  amount  of  air  passing  the  closed  butterfly 
is  measured  in  pounds  per  minute  (PPM) .    The  formula  used  to  determine 
the  amount  of  leakage  is:  17  35  X  P 


ZAP 


+  A60 


A  P 


?^  is  the  M-1  manometer  reading. 
P  is  the  M-2  manometer  reading. 
T^  is  the  temperature  of  the  air, 
Read  the  lab  thermometer.    The  temperature  is   
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Note:  Each  shop  is  supplied  with  the  correct  graph  for  the  size 
orifice  being  used. 

Figure  5 
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7,  After  you  have  determined  ZAP,  use  the  conversion  rhart  (figure  5) 
to  convert  EAP  to  airflow  in  pounds  per  minute  (PPM)* 

8.  Your  valve  is  leaking'   PPM* 

S*      Turn  to  the  "Test  and  Calibration  Instructions"  section  in 
the  TO*    Finti  the  allowable  port  leakage*    Leakage  must  not  be  more  than 
  PPM* 

10*      Is  your  valve  leaking  too  much?    If  the  valve  leaks 

too  much,  tell  the  instructor* 

a*   Remove  all  pneumatic  hoses. 

b*    DO  NOT  REMOVE  THE  ELECTRICAL  WIRES* 

Section  7*     BELLOWS  PRESSURE  CHECK, 


Figure  6 

1*      The  final  check  you  will  make  on  the  valve  is  the  bellows  pressure 
check*    The  bellows  keep  a  proper  flow  of  air  through  the  valve  from  ground 
level  up  to  the  operating  altitude*    Look  at  figure  6  to  find  te^t  port  B 
and  adjusting  screw  B*    Cor.:»2ct  the  pneumatic  hoses  shown  by  the  heavy 
black  lines*    Check  off  each  item  on  your  response  sheet* 

a*   D7  to  8A* 

b*   ^  8B  to  the  inlet  of  the  valve. 

^  c.   Fl  to  test  port  B  of  the  valve. 
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d.   Open  valve  V-2. 


Refer  Co  che  following  sceps  and,  using  a 


grease  pencil,  trace  Che  airflow  on  Che  Crainer  scbemaCic. 

Turn  regulacor  R-3  unCil  50  psig  is  read  on  gage  This  allows 

air  pressure  Co  pass  Chrough  D7,  through  gage  P-4,  and  on  to  Che  inlec 
side  of  the  valve.    With  the  valve  in  the  closed  position  and  the  outlet 
side  capped^  there  will  be  no  airflow  through  the  valve. 

f  *  Loosen  the  locknut  on  adjustnent  screw 

'*6«"    This  allows  air  pressure  to  enter  the  bellows  chamber  and  pass 
through  test  port  "B",  and  on  to  the  bottom  of  M-1  through  fitting  F-1. 
Next,  turn  adjustment  screw  "B"  clockwise  or  counterclockwise  until 
manometer  M-1  reads  33  Hg.    Tighten  the  locknut  and  be  careful  NOT  to 
move  the  adjustment  screw, 

2.      Shutdown  procedures. 

a.   Remove  all  pneumatic  hoses  and  plug  them. 

Place  them  neatly  in  the  bottom  of  the  trainer. 

b.   ^Remove  all  electrical  wires  and  place  them 

neatly  in  the  bottom  of  che  trainer. 

c.   Put  the  steel  cap  on  the  1  1/4  inch  pipe  at 


the  left  side  of  the  trainer. 

d.   Unplug  the  trainer  and  lay  the  wires 

acroi^s  the  work  bench  part  of  the  trainer. 

e.   Cap  all  trainer  outlets. 

f .   Replace  the  caps  on  the  valve. 

 Put  the  regulavor  back  in  locker  No.  2. 

Section  8.    MAINTENANCE  rfOCl^lENTATION 

Now  that  you  are  done  bench  checking  the  airflow  regulator,  you 
have  to  •do  the  paperwork.    Get  an  AFTO  Form  349  from  the  door  on  locker 
tf2.    Remove  TO  Index  0-1-1-3  from  the  TO  file.    Look  in  the  index  to 
f i;id  the  work  unit  code  manual  for  the  model  C-liO  series  A.    Using  the 
code  manual  and  the  information  below,  complete  the  AFTO  Form  349  for 
bench  checking  the  airflow  regulator.    When  you  have  completed  the  form, 
have  the  instructor  check  it. 

Job  Control  Number  1180027 

Work  Center  A92EJ 

ID  Number  CA3476 

Type  Maintenance  Unscheduled 

When  Discovered  ~-— ~  Minor  Inspection 

Note:    Bench  checking  requires  only  one  line  entry  on  AFTO  Form  349. 
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Figure  7A.    Airflow  Regulator 


AIR  PRESSURE  REGULATOR 


8B8&EQ  icruATOR  prcssurc 

GiCQI  REGULATOR  PRESSURE 


CSSS9  Acnruoe  compensator  pressure 


Figure  7B.    Regulator  Schematic  Diagram. 
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instructor* s  initials  for  first  instructor  assist. 


Instructor's  initials  for  second  instructor  assist. 


Instiructor's  iaitials  for  third  instructor  assist  which 
is  failing. 


Instructor's  initials  for  progression  and  satisfactory 
completion  of  this  progress  report. 
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OBJECTIVE 

Relate  major  components  of  the  Anti-G  suit  valve  to  their  operati 
with  80%  accuracy. 

INSTRUCTIONS 

This  text  presents  information  in  small  steps  called  "frames." 
After  each  step  you  are  asked  to  select  a  correct  statement.    DO  NOT 
MARK  IN  THIS  TEXT.    The  correct  answers  may  be  found  on  the  top  of  the 
next  even  numbered  page.    If  your  answer  is  correct,  go  to  the  next 
frame;  if  you  are  wrong,  read  the  frame  again.    As  you  read  the  text, 
the  Anti-G  valves  will  be  available  for  you  to  see  and  inspect. 
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Frame  1 


Because  of  the  speed  of  jet  aircraft,  great  forces  an€  strains  are 
experienced  by  the  pilot.    On  level  flights  there  is  no  limit  to  the 
sp-^ed  that  pilots  can  endure.    But  in  loops,  turns,  and  climbs,  forces 
on  the  pilot *s  body  are  more  than  he  can  endure.    Centrifugal  force  (G) 
is  that  force  which  pulls  outward  from  the  center  of  rotation.  This 
force  is  "G"  force.    The  unit  measure  is  called  a  "G,"    Sitting  in  an 
aircraft  on  the  flight  line,  your  weight  on  the  seat  is  the  force  of 
gravity.    This  force  is  equal  to  1  G,  or  equal  to  the  weight  of  your 
body.    If  you  sat  on  a  scale  during  level  flight,  you  would  notice 
that  your  weight  would  be  normal.    But  during  maneuvers,  your  weight 
would  become  more  (indicating  a  positive  "G")  or  less  (Indicating  a 
negative  "G") .    This  would  depend  on  the  maneuver.    You  cari^ see  that 
the  G  force  can  be  positive  or  negative.    If  the  force  acts  to  hold 
you  down  in  the  seat  (figure  1)  it  is  a  positive  "G,"    However,  if 
the  force  tends  to  lift  you  from  the  seat,  it  would  be  a  negative  "G," 


Answer  the  statements  as  true  (T)  or  false  (F) . 

1,      Centrifugal  force  pulls  outward  from  the  center  of  rotation, 

2*      AG  force  is  a  unit  of  measure  for  centrifugal  force, 

3,      Sitting  in  an  aircraft  on  the  flight  line,  you  are  pulled 
down  into  the  seat  by  gravity.    This  is  equal  to  0  "Gs/' 

During  negative  "G"  forces  your  weight  increases, 

5,      "G"  forces  can  be  either  negative  or  positive. 


Figure  1.    Effects  of  Positive  G  Forces. 
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CORRECT  RESPONSES  TO  FRAME  1:    1.      T       2.      F       3,      F       4,  F 

5.  T 


Frame  2 

Aircraft  environmental  systems  personnel  have  the  responsibility 
for  the  maintenance  of  the  anti-G  suit  system.    The  system  consists 
of  air  lines  from  the  air  source  to  the  anti-G  suit  valve.  This 
valve  is  shown  in  figure  2.    The  air  lines  then  go  from  the  valve 
to  the  anti-G  suit.    The  air  lines  are  not  normally  a  source  of 
trouble.    Your  main  job  will  be  checking  the  anti-G  suit  valve  for 
proper  operation.    There  are  four  tests  which  you  will  perform:  (1) 
first-stage  relief  valve  adjustment;  (2)  first-stage  chamber  pressure 
adjustment;  (3)  second-stage  relief  valve  adjustment;  (4)  trip 
acceleration  test.    In  order  to  understand  the  "Hows  and  Whys"  of 
the  tests,  you  must  know  how  the  valve  works. 


Figure  2.    MD-1  Anti-G  Suit  Valve* 
Answer  the  statements  as  true  (T)  or  false  (F). 

1,  Aircraft  environmental  systems  personnel  are  responsible 
for  checking  and  testing  the  anti-G  suit  val^  "i. 

2.  There  are  only  three  tests  you  will  perform  when  testing 
the  anti-G  suit  valve. 

3.  Air  lines  are  usually  the  main  source  of  trouble. 

4,  Before  you  test  the  anti-G  suit  valve,  you  should  know  how  it  works. 
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Frame  3 


During  a  positive  G  force,  the  flow  of  blood  going  to  the  brain 
is  greatly  reduced.    Low  blood  pressure  causes  dizziness,  poor  eye- 
sight, and  a  person  may  soon  become  unconscious.    G  forces  will  affect 
pilots  in  different  ways,  due  to  the  individual's  own  body  structure. 
The  anti-G  suit,  figure  3,  is  made  of  5  rubber  bladders.    When  the 
suit  is  blown  up,  these  bladders  tighten  around  the  lower  parts  of  the 
body.    By  tightening,  enough  blood  is  kept  in  the  brain  during  a  positive 
G  force.    The  bladders  tighten  only  during  positive  G  forces  caused  by 
the  aircraft  maneuvers.    The  suit  air  pressure  increases  as  the  positive 
G  forces  increase. 


Answer  the  statements  as  true  (T)  or  false  (F)^ 

1.  No  effects  are  felt  by  a  pilot  during  a  positive  G  force. 

2.  During  a  positive  G  force  maneuver,  the  blood  flow  to  the 
brai.'  increases . 

3.  Decreasing  the  blood  flow  to  the  brain  causes  dizziness,  poor 
eyesight,  and  a  pilot  may  soon  become  unconscious. 

4.  The  anti-G  suit  is  made  of  four  inflatable  rubber  bladders. 

5.  The  bladders  tighten  around  the  lower  parts  of  the  body. 

6.  The  pressure  decreases  in  the  bladders  as  the  positive  G 
force  increases. 


Mm 


Figure  3.    Bladder  System. 
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CORRECT  RESPONSES  TO  FRAME  2:    1.      T       2.      F       3,  F 


CORRECT  RESPONSES  TO  FRAME  3:  !•  F  2.  F  3  T 
5.      T       6.      T    '   


Frame  A 

Now  let  us  see  how  the  anti-G  suit  valve  inflates  the  anti-G  suit. 
Engine  bleed  air  is  the  source  of  air  used  to  operate  the  anti-G  suit 
valve  and  suit.    Look  at  figure  A  at  the  back  of  the  text.  Follow 
the  arrows  as  the  valve  is  discussed.    As  you  can  see  the  valve  parts 
are  identified.    We  will  discuss  the  first-stage  chamber  of  the  valve. 
The  first-stage  chamber  has  the  following  partsj    air  inlet  valve  (5), 
first-stage  relief  valve  (6),  inlet  screen  (7),  pressure  reducing 
bellows  (8),  and  the  adjustment  screw  (9). 

Note:    Both  figures  show  the  HI-LO  selector  in  the  LO 
position.    When  in  the  LO  position,  the  HI  weight  is  locked 
in  the  up  position  as  shown  so  only  the  LO  weight  will  move. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  major  parts  in  the  first  chamber  of  the  anti-G  suit  valve 
are;    the  pressure  reducing  bellows  and  air  inlet  valve,  first- 
stage  relief  valve,  inlet  screen,  and  the  adjustment  screw. 

2.  Engine  bleed  air  is  used  as  a  source  of  air  for  the  anti-G  suit. 
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Frame  5 


Bleed  air  flows  into  the  first-stage  chamber  through  the  inlet  port. 
Air  pressure  in  the  chamber  is  controlled  at  21  to  ,22  psi  by  the  air 
inlet  valve  (5)  and  the  pressure  reducing  bellows  (8)*    When  chamber 
pressure  is  less  than  21  to  22  psi,  the  bellows  moves  the  pivot.  This 
moves  the  air  inlet  valve  back  so  bleed  air  can  ^^ift  the  first-stage 
chamber  •    When  air  pressure  in  the  chamber  is  21  to^  22  psi  the  bellows 
is  compressed,  and  will  close  the  air  inlet  valve,*    The  adjustment 
screw  (9)  is  turned  right  or  left  to  increase  or  4«crease  pressure  on 
the  spring  and  put  the  bellows  at  the  right  psi  setting.    The  inlet 
screen  (7)  keeps  foreign  matter  out  of  the  anti--G  suit  valve. 


Answer  the  statements  as  true  (T)  or  false  (F), 


2.  The  purpose  of  the  pressure  reducing  bellows  ^.s  to  control  air 
pressure  in  the  first-stage  chamber. 

3.  Air  pressure  in  the  first-stage  chamber  is  hetld  at  ?1  to  22  psi. 

4.  When  the  bellows  expands,  the  air  inlet  valv9  closes. 
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CORRECT  RESPONSES  TO  FRAME  4: 
CORRECT  RESPONSES  TO  FRAME  5: 
Frame  6 


1. 
1. 


F 


2.  T 

2.      T       3.      T       4.  F 


The  first-stage  relief  valve  (6)  is  located  in  the  first-stage 
chamber.    This  serves  as  a  safety  valve  should  the  pressure  r-...  icing 
bellows  fail  to  regulate  the  air  pressure  at  21  to  22  psi.    Th^  relief 
valve  opens  when  air  pressure  in  the  chamL^a:  r*iaches  25  to  2fi  psi. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  first-stage  chamber  air  pressure  is  21  to  22  psi. 

2.  The  first-stage  relief  valve  acts  as  a  safety  valve. 

3.  The  first-stage  relief  valve  is  set  to  open  at  25  to  26  psi. 
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Frame  7 


The  second-stage  chamber  controls  air  pressure  to  the  anti-G  suit 
during  a  positive  "G"  force.    The  second-stage  chamber  has  these  parts: 
press-to-test  button  (1),  HI-LO  selector  (2),  second-stage  relief  valve  (3), 
second-stage  relief  valve  adjustment  screw  (4),  demand  valve  (13),  dlaphram 
return  spring  (14),  diaphragm  (15),  deflation  valve  (16),  low  weight  (17), 
and  high  weight  (18).    Look  at  figure  4.    The  demand  valve  (13)  opens 
and  air  flows  from  the  first-stage  chamber  to  the  second-stage  chamber  and 
the  anti-G  suit.    If  pressure  in  the  chamber  is  9  to  11  psi  the  second- 
stage  relii^.f  valve  (3)  opens  to  drop  the  pressure.    Air  goes  through 
the  vent  in  the  second-stage  relief  valve.    The  relief  valve  is  used  to 
stop  the  buildup  of  too  much  pressure  in  the  anti-G  suit.    It  acts  as 
a  safety  valve.    We  want  just  enough  pressure  in  the  suit  to  keep  blood 
from  being  forced  to  the  feet  of  the  pilot .    Too  much  pressure  is  as 
dangerous  as  not  enough.    If  the  suit  was  over  inflated,  it  would  cut 
off  -^he  flow  of  blood  from  the  pilot's  waist  down  to  his  feet.  The 
adjustment  screw  (4)  increases  or  decreases  pressure  on  the  spring 
to  put  the  valve  at  the  proper  setting. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  low  and  high  weights  are  two  parts  that  are  located  in 
the  second-stage  chamber. 

2.  Excessive  air  in  the  suit  would  have  no  effect  on  the  pilot. 

3.  The  demand  valve  allows  air  to  escape  into  the  first-stage 


chamber . 


4. 


The  second-stage 


relief  valve  will  relieve  pressure  at  11  psi. 

the  second-stage  relief  valve  relieves  at 
spring  pressure. 


5. 


The  setting  that 
depends  upon  the 
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CORRECT  RESPONSES  TO  FRAME  6:    !•      T       2*      T       3*  T 


CORRECT  RESPONSES  TO  FRAME  7:  1.  T  2.  F  3.  F 
4*      T       5*  T 


Frame  8 

Look  at  figure  4  as  we  explain  the  way  by  which  the  weights 
control  air  pressure  to  the  anti-G  suit*    First  we  will  explain  the 
operation  with  the  HI-LO  selector  (2)  in  the  LO  position.    As  positive 

forces  build  up  the  LO  weight  (17),  will  be  forced  down  on  the 
diaphragm  (15),  and  close  the  deflation  valve  (16) •    The  deflation 
valve  is  connected  to  the  demand  valve  (13) ,  which  will  open.  The 
amount  the  demand  valve  opens  is  determined  by  the  strength  of  the 
"G"  force  acting  on  the  LO  weight.    Opening  the  demand  valve  allows 
air  to  flow  from  the  firsts-stage  chamber,  through  the  second-stage 
chamber  to  the  suit.    Keep  in  mind  that  air  pressure  in  the  second- 
stage  chamber  and  suit  is  controlled  (9  to  11  psi)  by  the  second- 
stage  relief  valve. 

When  the  HI-LO  selector  is  moved  to  the  HI  position,  the  HI 
weight  (18)  drops  on  top  of  the  LO  weight.    Except  for  the  increase 
in  weight  the  valve  operates  as  discussed  in  the  LO  position. 

Look  at  figure  5,    As  the  "G"  force  decreases,  the  weights 
move  up.    The  diaphragm  return  spring  (14)  will  force  the  deflation 
valve  open  and  releases  air  pressure  from  the  suit.    The  demand 
valve  will  close.    Pressure  from  the  suit  will  be  vented  to  the 
cockpit.    (Note  the  direction  of  the  arrows.) 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  VThen  a  positive  "G"  force  is  applied  to  the  weights,  the 
weights  move  down. 

2.  The  weight  forces  the  diaphragm  down  and  closes  the 
deflation  valve. 

3.  The  deflation  valve  is  connected  to  the  demand  valve  by 
a  common  shaft. 

4*     When  no  "G"  forces  are  applied,  the  demand  valve  opens, 

5.     When  deflating,  the  pressure  from  the  suit  is  vented  to 
the  cockpit. 
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Frame  9 


The  HI-LO  selector  (2)  is  used  to  select  a  high  or  low  pressure 
setting  to  the  suit.    The  pilot  selects  the  position  inost  comfortable 
for  him.    When  the  selector  is  in  the  LO  range,  the  low  weight  controls 
air  to  the  suit  at  one  (1)  psi  for  every  "G"  force  over  1.7  "Gs." 

If  a  pilot  pulls  5  Gs  in  the  low  range,  pressure  to  the  suit 
would  be  approximately  3.3  psi.    To  figure  this  problem:  Subtract 
1.7  Gs  from  5Gs  and  multiply  by  1  psi.    (5G-1.7G  =  3.3G)  3.3G  x  1  psi 
=3.3  psi  to  the  suit . 

Find  the  psi  rating  for  the  G  forces  shown. 

1.  3  Gs   to  the  suit. 

2.  6  Gs  to  the  suit. 

3.  7  Gs    to  the  suit. 

4.  8  Gs  to  the  suit. 
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CORRECT  RESPONSES  TO  FRAME  8:  1.  T  2.  T  3.  T 
4,      F       5.  T 


CORRECT  RESPONSES  TO  FRAME  9:    !•    1,3     2.    4*3     3,    5,3     4^  6,3 
Frame  10 

When  the  HI-LO  selector  is  in  the  HI  position,  both  the  high  and 
low  weight  control  pressure  to  the  suit.    When  "G"  forces  act  on  the 
weight,  they  will  control  pressure  to  the  suit  at  1,5  psi  for  every 
"G"  force  over  1-5  "Gs." 

Example:    If  a  pilot  pulls  7  Gs  in  the  HI  range,  pressure 
to  the  suit  would  be  approximately  8.25  psi.    To  figure  the 
problem:    Subtract  1.5  G  from  7  G,  this  is  5.5  G;  multiply 
5,5  G  by  1.5  psi,  this  will  give  you  8.25  psi. 

Solve  the  following  problems  in  the  HI  range  for  the  pressure 
to  the  suit. 

1.      3  G  to  the  suit. 


2 .      6  G  to  the  suit . 


3,      2  G  to  the  suit. 


4-      8  G   to  the  suit. 
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Frame  11 


The  press-to-test  button  (1)  is  used  to  check  for  leaks  when  the 
pilot  makes  his  hookup  between  the  suit  and  the  valve.    It  is  also 
used  to  see  if  the  valve  is  delivering  pressure  to  his  suit.  When 
the  press-to-test  button  is  pressed,  it  forces  the  low  weight  down 
closing  the  deflation  valve  and  opening  the  demand  valve.    It  is  also 
used  to  check  the  second-stage  relief  valve. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1,  The  press-to-test  button  is  used  to  check  leaks  in  the  suit, 

2,  The  press-to-test  button  actuates  the  low  G  weight, 

3,  It  is  used  to  check  the  second-stage  relief  valve, 

4,  The  pilot  does  not  use  the  press-to-test  button. 
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CORRECT  RESPONSES  TO  FRAME  10:  1.  2.25  2.  6.75  3.  .75  4.  9.75 
CORRECT  RESPONSES  TO  FRAME  11:    1.      T       2.      T       3.      T       4.   F 
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1. 

Press-To-Test  Button 

10. 

Spring  Adjustment 

2. 

Hi-Lo  Selector 

11. 

Valve  Return  Spring 

3. 

Second-Stage  Relief  Valve 

12. 

Valve  Balancing  Bellows 

4. 

Second-Stage  Adjustment  Screw 

13. 

Demand  Valve 

5- 

Air  Inlet  Valve 

14. 

Diaphragm  Return  Spring 

6, 

First-Stage  Relief  Valve 

15. 

Diaphragm 

7. 

Inlet  Screen 

16. 

Deflation  Valve 

8. 

Pressure  Reducing  Bellows 

17. 

Low  Weight 

9- 

Pressure  Regulator  Adjustment 

18. 

High  Weight 

Figure  4.    M-8  Anti-G  Suit 

Valve 

Inflating  Suit. 
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1. 

Press-To-Test  Button 

10. 

Spring  Adjustment 

2. 

Hi-Lo  Selector 

11. 

Valve  Return  Spring 

3. 

Second-Stage  Relief  Valve 

12. 

Valve  Balancing  Bellows 

4. 

Second-Stage  Adjustment  Screw 

13. 

Demand  Valve 

5. 

Air  Ir''et  Valve 

lA. 

Diaphragm  Return  Spring 

6. 

First-Stage  Relief  Valve 

15. 

Diaphragm 

7. 

Inlet  Screen 

16. 

Deflation  Valve 

8. 

Pressure  Reducing  Bellows 

17. 

Low  Weight 

9. 

Pressure  Regulator  Adjustment 

18. 

High  Weight 

Figure  5,    M-8  Anti-G  Suit  Valve  Inflating  Suit. 
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Environmental/Pneudraulic  Branch  C3AER42331-WB-313 
Chanute  AFB,  Illinois 

MAI.^TKNANCE  OF  ANTI-G  SUIT  VALVE 

OBJECTIVE  ' 

Using  a  ground  laboratory  test  kit,  elortr ic-pneumatic  component 
trainer,  the  necessary  hnndtools,  and  the  applicable  TO,  Inspect  and  bonch 
check  an  anti-G  suit  valve  with  a  maximum  of  two  instructor  assists. 

Note:    An  instructor  assist  is  defined  as  limited  aid  such  as 
location  of  a  component,  technical  direction  or  explanation,  and/or 
technical  order  interpretation,  given  to  a  student  who  can  progress 
no  further  alone.    Failing  to  have  the  instructor  check  your  work  at 
the  indicated  points  and/or  failing  to  follow  procedures  could  result 
in  a  performance  failure  and/or  disciplinary  action. 

EQUIPMENT 

Electrical-Pneumatic  Trainer  (3038) 

Anti~G  Suit  Valve 

Ground  Laboratory  Test  Kit 

TO  9P5~ 3-12-3 

Pliers,  Snap  Ring 

Screwdriver,  Common  5  Inch 

Wrench,  Adjustable  Jaw 

PROCEDURE 

Caution:     If  you  have  any  questions  about  the  equipment,  ask  your 
instructor  for  directions.     REMOVE  ALL  YOUR  JEWELRY  NOW. 

INTRODUCTION 

1.  Obtain  an  anti-G  suit  valve,  part  number  (P/N)  10050  from 
locker  number  2. 

2.  Sign  out  snap-ring  pliers  and  a  screwdriver  from  locker  number 
2,  and  the  wrenches  from  locker  number  3. 

3.  Obtain  a  ground  laboratory  test  kit  from  locker  number  1. 

4.  Obtain  TO  9P5-3-12-3,  Anti-G  Suit  Valve  (Overhaul),  from  the 
limited  TO  file  located  at  the  front  of  the  laboratory. 

5.  Read  the  Introduction  section  of  TO  9P5-3~12-3,  then  complete 
the  following  statements. 

a.  Overhaul  and  test  instructions  for  anti-G  suit  valve 
P/N  10050  are  given  in  Sections  and  . 

b.  Additional  overhaul  and  test  instructions  for  anti-G  suit 
valves  P/N  12800  and  P/N  13500  are  given  in  Section  . 


Supersedes  3ABR42331-WB-313,  6  March  1981- 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  350;  DAV  -  1 
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Bt6l  COPY  AVAILABLE 
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c.     All  parts  removed  in  the  process  of  disassembly  are 

replaced  using  parts  from  a   • 

d«     Removed  parts  and  residue  from  the  repair  kits  are 


6.      Read  the  cleaning  and  Inspection  paragraphs  of  TO  9P5--3-12-3, 
then  complete  the  following  statements. 

a.     All  removed  parts  are  cleaned  using  a    

 and  dry  cleaning  solvent  P/N  • 


b.  All  scraws  and  bolts  are  inspected  for 
c^      Cleaned  parts  are  dried  using  


d.      All  washers  and  spacers  are  inspected  for   


The  component  parts  of  the  anti-G  suit  valve  are  inspected 


for 


f .  Table  gives  additional  inspection 
requirements. 

g.  The  table  lists  inspection  requirements  for  the  housing 
M  ,  remedy  is   


Note:    Have  the  Instructor  check  your  answers. 

BENCH  TEST  AMD  ADJUSTMENT 

First  Stage  Relief  Valve 

1#     Locata  the  Overhaul  Instructions  Section  of  TO  9P5-3-12-3. 
Xead  the  general  paragraph  for  testing  the  anti-G  suit  valve,  and  the 
p$stmgx9afh  for  testing  the  first  stage  relief  valve.    Complete  the 
follovizifg  stat«Btt&t* 


a«     The  first  stage  relief  valve  is  identified  in  figure 
as  index  nmnber   of  TO  #   


Vote:    Stop  now  and  see  your  instructor  for  Instructor  initials. 

Instructor's  Initials 


2.     Locate  the  first  stage  relief  valve  on  the  anti-G  suit  valve. 
Refer  to  figure  1  of  this  text  and  paragraph  la  above.    Use  the  adjustable 
Jaw  t^rench  to  remove  the  valve « 
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EXHAUST 
PORT  • 


SECOND  STAGE  RELIEF 
VALVE  ADJUSTMENT 
SCREW 


(FROM  SYSTEM) 
PRESSURE  lf<LET 
PORT 


FIRST  STAGE  INLET  VALVE 
ADJUSTMENT  SCREW 


~PUSH-TO-TEST  BUTTON 
  RANGE  SELECTOR 


(TO  SUIT) 
PRESSURE  OUTLET  PORT 


DEMAND  VALVEAOJUSii^^ 
SCREW 


Figure  !•    Anti-G  Suit  Valve  (Part  Number  10050). 

3,  Inspect  the  valve  as  requiied  by  TO  9P5-3-12-3.    The  valve 

is  satisfactory   (yes/no).    If  unsatisfactory  inform  the  instructor 

4.  Remove  the  test  adapter  from  the  ground  laboratory  test  kit. 
The  test  adapter  consists  of  an  elbow  and  hose  adapter.    Refer  iio  figure 
2  of  this  v7orkbook.    Install  the  hose  adapter  and  first  stage  relief 
valve  in  the  test  adapter  elbow. 

-5.  Refer  to  figure  3  of  this  workbook.  Connect  the  test  adapter 
to  the  trainer  as  illustrated.  Use  the  air  hoses  located  on  the  bottom 
of  the  trainer  to  make  the  connections. 

Note:    Check  each  of  the  following  steps  as  you  complete  it. 


a. 


(counterclockwise) . 


b.^ 

the  trainer. 


c« 


d. 


Close  valve  V3  (clockwise)  and  regulator  R3 


Connect  a  hose  betvreen  the  test  adapter  and  D6  of 


Connect  a  hose  between  D7  and  D4  of  the  trainer. 
Locate  manometer  M4;  set  it  to  read  on  the  psi  scale 


that  is  calibrated  to  read  from  zero. 

Note:  Have  the  instructor  check  your  statements  and  hook-up 
before  you  continue. 
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AOJUSTMCNT 
SCRE» 


mwsr  STME. 
Bmtr  m.vt  Mammy 


ELBOW; 


Ktgure  2^    First:  Stage  RftLlaf  Valve  and  Test.  Adapter. 
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6.      Read  the  paragraph  in  TO  9P5-3-12-3,  that  gives  instructions 
on  lasting  the  first  stage  relief  valve.    Complete  the  following 
questions/statement. 

a.      If  the  first  stage  relief  valve  is  open  below  24  psi, 

what  action  should  be  taken? 


b.      If  the  first  stage  relief  valve  is  closed  above  27  psi, 
what  action  should  be  taken? 


c.      The  reading  on  mancmeter  M4  at  the  point  of  opening  should 

be  between   to    psi. 

?•      Open  valve  V3  to  apply  air  pressure  to  the  trainer. 

8.  Observe  manometer  M4  while  applying  air  pressure  to  the  first 
stage  relief  valve.    DO  NOT  EXCEED  THE  MAXIMUM  PRESSURE  SETTING  (27 

for  the  first  staga  relief  valve*  Slowly  turn  regulator  R3  clockwise  until 
the  relief  valve  opens.    You  will  hear  air  escaping  from  the  valve. 

9.  The  first  :>tage  relief  valve  opens  at    psi. 

Note:    Refer  to  figure  2  of  this  workbook.    If  adjustment  is 
needed^  locate  the  adjustment  screw  and  adjust  as  needed. 

10.  After  adjustment  the  first  stage  relief  valve  opens  at    psi, 

wliich  should  bs  between  the  TO  specification  of   to   psi. 

11.  Reduce  air  pressure  to  the  first  stage  relief  valve  by 
slowly  turning  regulator  R3  counterclockwise,  until  manometer  MA  reads 
0  psi. 

12.  Aft^r  the  air  pressure  has  dropped  to  0  psi»  disconnect  the 

hose  from  the  hose  adapter.    Leave  the  hose  connected  to  D6  of  the  trainer. 

13.  Discoanect  the  hose  from  D7.    Leave  the  hose  connected  to  DA 
of  the  trainer^ 


14^  Remove  the  hose  adapter  from  the  elbow  of  the  test  adapter, 

15»  Set  the  hose  adapter  aside  for  future  use. 

15*  Remova  the  first  stage  relief  valve  from  the  elbow  of  the  test 

adapter.  Return  the  elbow  to  the  ground  laboratory  test  kit. 

17#      Arrange  the  parts  on  the  workbench  in  an  orderly  manner.  You 
should  have:    a  hose  adapter,  a  first  stage  relief  valve,  an  anti-G  suit 
valve^  a  grouad  laboratory  test  kit,  and  hand  tools.    The  trainer  should 
have:    a  hose  comiacted  to  DA  and  e  hosa  connected  to  D£« 
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Note;    This  test  Is  made  to  Insure  that  the  first  stage  inlet 
valve  pressure  reducer  is  maintaining  the  correct  inlet  pressure 
to  the  first  stage  of  the  anti-G  suit  valve. 

!•      Install  the  hose  adapter  in  the  first  stage  relief  valve  port. 

2.  Remove  the  cap  from  the  anti-G  suit  valve  inlet  port. 

3.  Refer  to  figure  4  of  tMs  workbook  as  you  connect  the  anti-G 
suit  valve  to  the  trainer. 

Note:    Check  each  step  as  you  complete  it. 

a.  Connect  the  anti-G  suit  valve,  first  stage  relief 
valve  port  to  DA  hose. 

b.   Connect  the  hose  installed  on  D6  to  7A. 

c.   Connect  a  hose  between  7B  of  the  trainer  and  the 

anti-G  suit  valve,  inlet  port. 

Note;    Have  the  instructor  check  your  hook-up  before  you  continue. 

4.  Apply  air  pressure  to  the  first  stage  inlet  valve  assembly  by 
slowly  turning  regulator  R3  clockwise. 

Note:    As  air  pressure  is  supplied  to  the  first  stage  inlet  valve 
assembly,  gage  P3  and  manometer  M4  indicators  should  rise  together, 
until  both  indicate  mi  air  pressure  of  21  to  22  psi.    As  air 
pressure  is  increased,  gage  P3  will  continue  to  rise.  Manometer 
M4  should  remain  at  21  to  22  psi.    This  is  the  specified  pressure 
setting  for  the  first  stage  Inlet  valve  assembly • 

5.  Slowly  increase  air  pressure  until  gage  P3  indicates  30  to  35 
psi.    If  manometer  does  not  remain  at  the  specified  air  pressure, 
notify  your  instructor.    Dp  not  make  any  adjustments  at  this  time.  Read 
the  adjustment  procedures  in  TO  9P5-3-12-3.    Figure  2-1,  index  19  of  the 
TO  locates  the  adjustment  screw  on  the  anti-G  suit  valve.    Figure  1  of 
this  workbook  also  locates  the  adjustment  screw.    Refer  to  figure  2-1 

of  the  TO.    Nut  (index  14)  must  be  removed.    Loosen  lock  nut  (index  15) 
before  turning  the  adjustment  screw.    Turn  the  screw  clockwise  or  counter 
clockwise  until  the  desired  pressure  is  indicated  on  manometer  M4.  After 
the  adjustment  is  made,  the  adjustment  screw  must  be  held  in  place  before 
tightening  the  lock  nut.    After  the  lock  nut  has  been  tightened,  install 
and  secure  nut  (index  14). 

6.  Reduce  air  pressure  by  slowly  turning  regulator  R3  counterclock 

wise. 

7.  After  air  pressure  has  dropped  to  0  psi,  disconnect  the  hose 
from  the  hose  adapter.    Leave  the  hose  connected  to  D4. 

8.  Do  not  remove  the  hose  connecting  7A  and  D6. 

8 
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Figure  4.    First  Stage  Inlet  Valve  Assembly  Test  Hook-up 
Electrical-Pneumatic  Trainer  (Schematic). 
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9.      Remove  the  hose  adapter  from  the  first  stage  relief  valve  port. 

10.  Install  the  first  stage  relief  valve  in  the  c-nti-^G  suit  valve 
and  tighten  securely, 

11.  Return  the  hose  adapter  to  the  ground  laboratory  test  kit. 

12.  Arrange  the  parts  on  the  workbench  in  an  orderly  manner.  You 
should  have:    a  ground  laboratory  test  kit,  a  cap,  and  hand  tools.  The 
trainer  should  have:    a  hose  connected  to  DA,  a  hose  connected  between 
7B  and  the  anti-G  suit  valve  inlet  port,  and  a  hose  connected  between 

7 A  and  D6. 

Second  Stage  Relief  Valve 

Note:    This  test  is  made  to  insure  air  pressure  in  the  second 
stage  does  not  exceed  the  specified  air  pressure. 

1.  Read  the  paragraph  in  TO  9P5-3-12-3,  that 'gives  instructions 
on  testing  the  second  stage  relief  valve.    Complete  the  following 
statements, 

a*      The  outlet  gage  (manometer  M4)  indicates  the  maximum 
pressure  setting  of  the  valve  as   psi, 

b.      Manometer  M4  indicates  the  minimum  pressure  setting 
of  the  valve  as  psi. 

2.  Refer  to  figure  5  of  this  text  as  you  connect  the  anti-G  suit 
valve  to  the  trainer. 

Note:    Check  each  step  as  you  complete  it. 

a.   Remove  the  cap  from  the  anti-G  suit  valve  outlet  port. 

b.   Connect  the  D4  hose  to  the  anti-G  suit  valve  outlet 

port. 

Note:    Have  the  instructor  check  your  hook-up  before  you  continue. 

3.  Slowly  turn  regulator  R3  clockwise  until  gage  P3  indicates  20 

psi. 

4.  Depress  the  anti-G  suit  valve,  push-to-test  button  and  hold 
it  down. 

5.  Observe  the  pressure  indication  on  manometer  M4  as  air  escapes 
from  the  second  stage  relief  valve* 

6.  Manometer  M4  indicates   psi,  waen  the  second  stage  relief 

valve  opened. 
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Figure  5.    Second  St9ge  Relief  Valve  Test  Hook-up 
Electrical-Pneumatic  Trainer  (Schematic). 
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7.  If  tha  pressure  setting  is  not  within  the  maximum  and  minimum 
range,  notify  your  instructor.    Do  not  make  any  adjustments  at  this  time* 
Read  the  adjustment  procedures  in  TO  Figure  2-2,  index  6 

of  the  TO  locates  the  adjust;ment  screw  on  the  anti-*G  suit  valve.  Figure 
1  of  this  workbook  also  locates  the  adjustment  screw.    Refer  to  figure 
2-2  of  the  TO.    Nut  (Index  1)  toust  be  removed.    Loosen  lock  nut  (index  2) 
before  turning  the  adjustment  8crew<    Turn  the  scr^  clockwise  or 
counterclockwise  until  the  desired  pressure  is  indicated  on  manometer 
N4.    After  the  adjustment  l8'mada,^the  adjustment  screw  must  be  held  in 
place  before  tightening  the  lock  nut.    After  the  lock  nut  has  been 
tightened,  install  and  secure  nut  (index  1). 

8.  Reduce  air  pressure  to  the  valve  by  slowly  turning  regulator  R3 
counterclockwise. 

9.  After  air  pressure  has  dropped  to  0  psi,  disconnect  the  hose 
from  the  anti-*6  suit  valve,  inlet  port.  ^  Leave  the  hose  connected  to  7B. 

10.  Do  not  remove  the  hose  connecting  7A  and  D6. 

11.  Disconnect  the  hose  from  the  anti*»,6  suit  valve,  outlet  port  d:.d 

D4. 

12*     Arrangt  the  parts  on  the  workbench  in  an  orderly  manner.  You 
should  have:    a  hose,  a  ground  laboratory  test  kit,  two  (2)  caps,  and^ 
hand  tools.    The  trainer  should  have:    an  antl-G  suit  valve,  a  hose 
connacted  between  7A  and  D6,  and  a  hose  connected  to  7B« 

Demand  Valve 

Preparation  Step 

1.  Remove  the  '^L''  shaped  bracket  and  mounting  nuts  from  the 
ground  laboratory  test  kit.  ' 

2.  Hold  the  anti*G  suit  valve  in  your  left  hand.    The  push-to-test 
button  must  ba  up  and  the  identification  (ID)  plate- facing  you.  Insert 
the  "L"  shaped  bracket  from  front  to  rear.    Secure  the  valve  to  the 
antl^G  suit  bracket  with  the  mounting  nuts. 

3.  Mount  the  anti^G  suit  valve  on  the  tester. 

4.  Refer  to  figure  6  of  this  workbook.    Use  the  snap-ring  pliers 
to  remove  the  snap-ring  that  holds  the  push-to--test  button  in  pJace. 
Set  the  snap-ring  aside  for  reassembly  after  the  test  is  completed. 

5.  Remove  the  pu8h*-to-test  button  and  pin  assembly. 

6.  Remove  the  spring.    Set  aside  for  reassembly  after  the  test  is 
completed. 

7.  Place  only  the  puah-to-test  button  and  pin  assembly  back  on  the 
valve • 
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SNAP  RING 


PUSH  TO  TEST  BUTTON 


SPRING 


Figure  6.    Range  Selector. 

8,      Refer  to  figure  7  of  this  workbook  as  you  connect  the  anti-G 
suit  valve  to  the  trainer. 

Note:    Check  each  step  as  you  complete  it. 

Connect  a  hose  between  the  anti-G  suit  valve  outlet 


and  TPS  on  the  trainer. 

b.   Connect  a  hose  between  6C  and  F4  on  the  trainer. 

Note:    Have  the  instructor  check  your  hook-up  before  you  continue.. 
Acceleration  Test  (LP  Position) 

1.  Set  the  range  selector  of  the  anti-G  suit  valve  to  the  1.0 
position. 

2.  Remove  the  LO  weights  and  LO  adapter  from  the  ground  laboratory 
test  kit  and  arrange  them  on  the  workbench. 

Note:    The  LO  (low)  weights  are  solid  and  are  marked  LO.    The  LO 
adapter  is  used  to  hold  the  LO  weights  on  the  push-to-test  button. 
The  adapter  has  a  G  unit  value  of  0.5  G  and  the  weights  range  in 
value  from  0,25  G  to  4,0  Gs. 

3*      Slowly  tu^-n  regulator  R3  clockwise  until  gage  P3  indicates 
40  psi. 

4.      Slowly  open  valve  Vll,  this  allows  air  pressure  to  be  directed 
to  manometer  M4. 
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5.      Refer  to  TO  9P5- 3-12-3,  Table  3-2.    The  table  lists  the  weight 
used  when  simulating  a  total  "G"  load  test.    Use  the  table  to  determine 
the  weight  iteedad  to  perform  the  following  tests. 

LO  RANGE  TESTS 

2.0  G    psi 


8.0  G  psi 

Note:    Table  3-2  in  TO  9P5-3-12-3  takes  into  account  the  1  G 
weight  that  is  inside  the  anti-G  suit  valve  fo^  both  the  LO 
and  HI  tests. 

6.  Assemble  on  the  LO  adapter  the  weight  needed  to  perform  a  LO 
range  test.  Place  the  adapter  and  weights  on  the  push-to--test  button. 
Observe  manometer  M4  and  record  the  readings  for  each  test. 

Note:    Make  certain  the  "G"  weights  and  adapter  are  resting 
firmly  on  the  push-to-test  button  and  are  not  leaning.  Rotate 
the  weights  and  adapter  slowly  during  the  test,  until  the  readings 
are  constant.    This  insures  that  the  weights  and  adapter  are 
bearing  full  force  on  the  demand  valve. 

7.  Refer  to  figure  8  of  this  text.    The  LO  Range  Graph  indicates 
the  air  pressure  required  for  a  given  number  of  "G"  units.    The  pressure 
indicated  by  manometer  M4  should  fall  between  the  two  diagonal  lines. 
The  vortical  lines  indicate  the  value  of  the  weights  (G  units)  placed 

on  the  push-to-test  button.    Read  from  this  line  horizontally  to  the 
pressure  (psi)  indicated  by  manometer  M4.    If  the  manometer  pressure 
indication  does  not  fall  between  the  diagonal  lines,  an  adjustment  must 
be  made  to  the  demand  valve. 

8.  If  manometer  M4  does  not  remain  at  the  specified  air  pressure, 
notify  the  instructor.    Do  not  make  any  adjustment  at  this  time. 

Note:    Read  the  adjustment  procedures  in  TO  9P5-3-12-3.  Figure 
2-3,  index  27  of  the  TO  locates  the  adjustment  screw  on  the 
anti-G  suit  valve.    Figure  1  of  this  workbook  also  locates  thci 
adjustment  screw.    Refer  to  figure  2-3  of  the  TO.    Nut  (index  22) 
must  be  removed.    Loosen  lock  nut  (index  23)  before  turning  the 
adjustment  screw.    Turn  the  screw  clockwise  or  counterclockwise 
until  the  desired  pressure  is  indicated  on  manometer  M4.  After 
the  adjustment  is  made,  the  adjustment  screw  must  be  held  in  place 
before  tightening  the  lock  nut.    After  the  lock  nut  has  been 
tightened,  install  and  secure  nut  (inde22). 

9.  Remove  the  LO  weights  and  adapter  from  the  push-to-test  button 
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Figure  8,    LO  Range  Graph, 
Acceleration  Test  (HI  Position) 

1.  Set  the  range  selector  of  the  anti-G  suit  valve  to  the  HI 
position, 

2.  Remove  the  HI  weights  and  HI  adapter  from  the  ground  laboratory 
test  kit.    Arrange  the  LO  and  HI  weights  and  adapters  on  the  workbench.. 

Note:    The  HI  (high)  weights  and  HI  adapter  are  marked  HI.  The 
weights  are  recessed  to  receive  the  LO  weights.    Both  the  HI  and 
LO  weights  are  used  to  perform  the  HI  range  tests.    The  G  unit 
value  of  the  HI  weights  and  adapter  is  the  same  as  for  the  LO 
weights  and  adapter.    The  LO  adapter  is  not  used  for  HI  range 
tests;  return  it  to  the  test  kit. 
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3.  Refer  to  TO  Table  3-2,    The  table  lists  the 
weights  used  when  simulating  a  total  "G"  load  test.    Use  the  table  to 
determine  the  weight  needed  to  perform  the  following  tests* 

HI  RANGE  TESTS 

2.0  G    psi 

6.0  G  psi 

8.0  G    psi 

4.  Assemble  on  the  HI  adapter  the  LO  and  HI  weights  needed  to 
perform  a  HI  range  test.    Place  the  adapter  and  weights  on  the  push^to- 
test  button.    Observe  manometer  M4  and  record  the  readings  for  each  test. 

Note:    Make  certain  the  "G"  weights  and  adapter  are  resting  firmly 
on  the  push-to-test  button  and  are  not  leaning.    Rotate  the  weights 
and  adapter  slowly  during  the  test,  until  the  readings  are  constant. 
This  insures  uiiat  the  weights  and  adapter  are  bearing  full  for^ 
on  the  demand  valve. 

5.  Refer  to  figure  9  of  this  workbook.    The  HI  Range  Graph  indicates 
the  air  pressure  required  for  a  given  number  of  "G"  units.    The  pressure 
Indicated  by  manometer  M4  should  fall  between  the  two  diagonal  lines. 
The  vertical  lines  indicate  the  value  of  the  weights  (G  units)  placed 
on  the  push-to-test  button.    Read  from  this  line  horizontally  to  the 
pressure  (psi)  indicated  by  manometer  M4.    Tf  the  roanometer  pressure 
Indication  does  not  fall  between  the  diagonal  lines,  an  adjustment  must 
be  made  to  the  demand  valve. 

6.  If  manometer  M4  does  not  remain  at  the  specified  air  pressure, 
notify  the  instructor.    Do  not  make  any  adjustment  at  this  time. 

Note:    Read  the  adjustment  procedures  in  TO  9P5-3-12-3.    Figure  2-3, 
index  27  of  the  TO  locates  the  adjastiaent  screw  on  the  anti-G  suit 
valve.    Figure  1  of  this  workbook  also  locates  the  adjustment  screw* 
Refer  to  figure  2-3  of  the  TO.    Nut  (index  22)  must  be  removed. 
Loosen  lock  nut  (index  23)  before  turning  the  adjustment  screw. 
Turn  the  screw  clockwise  or  counterclockwise  until  the  desired 
pressure  is  indicated  on  manometer  M4.    After  the  adjustment  is 
made,  the  adjustment  screw  must  be  held  in  place  before  tightening 
the  lock  nut.    After  the  lock  nut  has  been  tightened,  install  and 
secure  nut  (index  22) . 

7.  Remove  the  LO  and  HI  weights  and  HI  adapter  from  the  push-to-- 
test  button, 

Shut-Down  Steps 

1.  Reduce  air  pressure  to  the  anti-G  suit  valve  by  slowly  turning 
regulator  R3  counterclockwise. 

2.  Close  valve  V3  to  shutoff  pressure  to  the  trainer, 

17 

ERiC  ;  1006 


10 


0I2345C789I0 

P$l 

Figure  9.    HI  Sange  Graph. 


3.  Closa  valve  Vll  to  shutoff  pressure  to  manometer  M4. 

4.  After  air  pressure  has  dropped  to  0  psl,  disconnect  the  hose 
between  D6  and  7A.    Store  the  hose  in  the  bottom  of  the  trainer • 

5.  Disconnect  the  hose  between  TPS  and  the  anti-G  suit  valve 
outlet  port.    Plug  and  store  the  hose  in  the  bottom  of  the  trainer • 

6.  Disconnect  the  hose  between  7B  and  the  anti-G  suit  valve  inlet 
port.    Plug  and  store  the  hose  in  the  bottom  of  the  trainer. 

7.  Disconnect  the  hose  between  6C  and  FA.    Plug  and  store  the  hose 
in  the  bottom  of  the  trainer. 

8.  Remove  the  push-to-test  button  and  pin  assembly  from  the  anti-G 
suit  valve. 
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9*      Install  the  springy  push-to-test  button  and  pin  assemhly,  and 
snap  ring  back  on  the  valve. 

10.      Remove  the  anti-G  suit  valve  from  the  tester » 

11*      Renwve  the  "L*'  shaped  bracket  from  the  antl-G  suit  valve. 
Return  the  "L"  shapfd  bracket  and  mounting  nuts  to  the  ground  laboratory 
test  kit. 

12.  Return  the  LO  weight s>  HI  weights >  and  HI  adapter  to  the 
ground  laboratory  test  kit.    Store  the  t^st  kit  in  locker  number  1. 

13.  Cap  all  openings  of  the  anti-G  suit  valve.    Store  the  anti-G 
suit  valve>  snap-ring  pliers^  and  screwdriver  in  locker  n\imt)er  2, 

14.  Store  the  wrenches  in  locker  number  3. 

15.  Clean  the  trainer »  workbench  and  work  area. 

Note:    Check  with  the  instructor  for  further  instructions. 

>  *i 

Instructor  assists    1.  2. 
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OBJECTIVE 


Relate  the  major  components  of  the  Canopy  Seal  System  to  their 
operations  with  80%  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames".    After  each  frame^  you  are  expected  to  respond  by  supplying 
a  vord^  or  words »  to  complete  the  sentence »  choose  either  a  true  or 
false  statement t  select  the  correct  answer »  or  match  some  term  to 
their  proper  meaning* 

Read  the  material  presented »  select  your  responseCs)  as  required 
at  the  end  of  the  frame.    After  you  have  made  your  selection  check 
your  responses  on  the  top  of  the  next  page.    DO  NOT  MARK  IN  THIS  TEXT. 
If  your  selections  were  correct »  go  on  to  the  next  frame  and  repeat 
the  above  process.    If  you  made  an  incorrect  response »  reread  the 
frame  until  you  understand  your  error. 
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Frame  1 


High  altitude  aircraft  tise  a  pressurization  system  for  the 
comfort  and  safety  of  the  crew.    The  canopy  seal  (inflatable  tube) 
is  located  between  the  canopy  and  the  aircraft  fuselage,  see  below % 
When  this  seal  is  inflated  it  will  stop  the  loss  of  cockpit  pressure 
when  air  pressure  inside  the  aircraft  is  more  than  the  air  pressure 
outside  of  the  aircraft*    The  seal  can  be  fastened  to  the  aircraft 
or  the  canopy  and  give  the  same  results.    A  regulator  is  put  in  the 
Lystem  to  control  pressure  in  the  seal.    By  controlling  pressure, 
the  regulator  will  keep  the  seal  from  rupturing. 


•XEAKAWAY  FITTUaG 

CANOPY 
SEAL 


Answer  the  statements  (T)  or  false  (F) . 

a.  The  canopy  seal  prevents  the  loss  of  cockpit  pressure* 

b.  The  canopy  seal  is  always  fastened  to  the  canopy. 

c.  Low  pressure  in  the  seal  will  cause  it  to  rupture. 

d.  The  canopy  seal  prevents  a  loss  of  cabin  pressure  at  any 
altitude. 

e.  The  canopy  seal  regulator  controls  pressure  in  the  cockpit* 

f.  The  canopy  seal  is  inflated       make  the  proper  seal. 


Anflverfl  to  Frame  1:    a.       T    >    b.       F    >    c.       T    >    d.       F  , 

e.    ^  F    >    £•  Y 

Frame  2 

The  seal  is  made  of  rubber.    When  regulated  air  pressure  is 
applied,  the  seal  expands  and  makes  a  seal  between  the  canopy  and 
the  cockpit. 

Identify  the  statement  that  tells  how  the  canopy  seal  makes 
the  canopy  airtight. 

a.  By  sea  level  air  pressure  In  the  seal,  causing  It  to 
expand  at  altitude. 

b.  By  applying  a  constant  regulated  air  pressure  to  the  seal, 
causing  It  to  expand. 

c.  By  blowing  the  seal  up  as  you  would  a  car  tire. 
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Answer  to  Frame  2:  b 


Frame  3 

A  bellows  is  a  vented  type  flexible  container  (such  as  the 
flexible  part  of  an  accordian)  that  connects  two  units*    Look  at  the 
diagram,  the  bellows  in  the  canopy  seal  system  Is  used  to 

a*      vent  the  canopy  seal  to  the  atmosphere. 

b.      vent  the  canopy  seal  to  the  cockpit. 

c«      provide  a  test  port  connection. 

d.      connect  the  canopy  seal  to  the  rest  of  the  system  when 
the  canopy  is  closed. 


TO  REST  OF  SYSTEM 


BEUOWS 


«-l4 
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Answer  to  Frame  3:  d 
Frame  4 

The  canopy  seal  is  eacpanded  by  air  at  a  low  pressure*    This  low 
pressure  air  is  from  the  auxiliary  air  source  and  flows  through  the 
canopy  seal  regulator* 

The  canopy  seal  air  pressure  is  regulated  by  the 

a*     cockpit  pressure  regulator* 

b*      air  conditioning  system  pressure  regulating  and  shutoff 
valve* 

c*     canopy  seal  pressure  regulator* 
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Answer  to  Frame  4:  c 


Frame  5 

The  regulator  keeps  a  20  to  24  psi  of  air  pressure  in  the  seal 
during  pressurized  flight.    Operation  of  the  regulator  is  covered 
later  In  the  text. 

Which  of  the  following  states  the  purpose  of  the  canopy  seal 
pressure  regulator? 

a.  Keeps  20  to  24  psi  of  air  pressure  to  canopy  seal  during 
pressurized  flight. 

b.  Regulates  the  air  pressure  leaving  the  canopy  seal  at  20  psl% 

c.  Keeps  a  20  to  24  psi  differential  air  pressure  between  the 
seal  and  cockpit  pressure. 
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Answer  to  Frame  5{  a 


FraM  6 

Particles »  such  as  soot^  that  ma;;'  be  found  In  the  atixillary  air 
source  could  be  harmful  to  the  canopy  seal  and  tbe  canopy  seal 
components.    Look  at  the  diagram.    Which  of  the  items  is  used  to 
take  out  particles  from  the  air  used  by  the  canopy  seal  system? 

a*  Canopy  Seal  Bellcws 

b*  Filter 

c*  Check  Valve 

d*  Pressure  Regulator 


VENT 


low  PRESSURE  AIR 
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Answor  to  Frame  6t  b 


Frame  7 

The  seal  is  placed  In  a  channel  of  the  canopy*    The  rest  of 
the  system  is  in  the  fuselage*    Look  at  the  diagram*    Identify  the 
statement  that  tells  how  the  seal  Is  connected  to  the  system^  when 
the  canopy  Is  closed* 

a*  A  quick  disconnect  fitting* 

b*  A  channel  band  clamp* 

c*  Canopy  seal  bellows* 

d*  A  band  clamp* 


tow  fRESSURE  AIR 
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Answer  to  Frame  7:  c 
Fraae  8 

The  canopy  seal  check  valve  stops  the  air  that  flows  to  the  seal 
from  flowing  back  to  the  auxiliary  air  source ^  when  the  ground  test 
port  is  used.    Look  at  the  diagram.    When  will  the  check  valve  stop 
tha  flow  of  air  to  the  auxiliary  air  source? 

a.      During  all  pressurized  flight. 

b»     When  using  the  ground  zest  port. 

c.     When  deflating  the  seal. 
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Answer  to  Frame  8:  b 


Frame  9 

The  system  has  a  test  port  that  is  used  to  check  for  leaks  and 
operation  when  the  aircraft  is  on  the  ground,    A  ground  air  cart 
is  used  as  a  pressure  source  when  ground  checks  need  to  be  made* 
Which  statement  tells  where  the  ground  air  cart  is  connected  to  the 
system? 

a.  At  the  bellows. 

b.  At  the  pressure  regulator. 

c.  At  the  filter* 

d.  At  the  ground  test  port. 


LOW  PRESSURE  AtR 
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AnMtr  to  Frame  9l  d 
Frame  10 

Look  at  the  diagram*    Match  the  componeute  with  the  letter  that 
identifies  the  component  in  the  diagram* 


1. 

Check  Valve 

2. 

Seal 

3. 

Regulator 

4. 

Filter 

5. 

Bellows 

LOW  PRESSURE  AIR 
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Answers  to  Frame  10:  !• 

5. 


2. 


3. 


4. 


Frame  11 


The  canopy  seal  regulator  controls  the  air  in  the  seal  to  20 
and  24  psi*    The  regxilator  has  a  shutoff  and  dump  valve.  High 
pressure  air  is  tapped  off  of  the  engine  bleed  air  duct,    A  solenoid 
is  used  to  control  the  position  of  the  shutoff  and  dump  valve •  The 
solenoid  is  energized  by  28V  DC*    Study  the  diagram  below. 


TO  CANOPY 


VENT 


NORMAL  POSITION 
SOLENOID  ENERGIZED 


AIR  UNDER 
PRESSURE 


FROM 

canopy 


VENT 
(TO  ATMOSPHERE) 

SOLENOID  Dc. ENERGIZED 


AIR 
VENTED 
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Canopy  Seal  Regulator-Flow  Illustrations. 
Answer  the  statements  as  true  (T)  or  false  (F). 

a.  The  canopy  seal  regulator  controls  air  to  the  canopy  seal. 

b.  The  regulator  maintainF.  a  rressure  of  20  to  24  psi  in  the 
seal. 

c.  Engine  bleed  air  is  used  aB  a  source  of  air  pressure  to  the 
canopy  seal  regulator* 


d. 
e. 


The  voltage  needed  to  energize  the  solenoid  is  28V  DC. 

The  regulator  is  a  combination  regulator ^  shutoff  valve, 
and  damp  valve. 
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Axwvars  to  Frame  11:    a,       T    .    b.       T    .    c*       T    ^    d,       T  ^ 


Frame  12 


Look  at  the  diagram  as  we  discuss  operation  of  the  regulator 
with  tha  canopy  closed.    Locate  the  shutoff  and  dump  valve>  upper 
chamber >  control  chamber^  lower  chamber  and  balancing  chamber. 
When  the  canopy  is  closed,  it  energizes  the  soJ^noid,    The  solenoid 
can  then  pull  zhe  shutoff  and  dump  valve  UP,    In  this  position  the 
shutoff  part  of  the  valve  opens  a  port  for  air  to  flow  to  the  sea?.* 
Tha  flow  of  air  is  from  the  control  chamber  of  the  regulator.  The 
dump  part  of  the  valve  will  close  the  overboard  dump  port. 
Pressurized  engine  bleed  air  flows  to  the  lower  chamber.    The  top 
spring  will  force  the  poppet  valve  down  and  away  from  the  seat. 
This  takes  place  when  there  is  not  enough  air  pressure  on  the  bottom 
side  of  the  two  diaphragms.    Air  can  then  flow  into  the  control 
chamber  and  balancing  chamber.    When  the  pressure  in  these  two 
chambers  overcomes  spring  tension  the  poppet  valve  will  close.  This 
shuts  off  the  flow  of  air  to  the  canopy  seal  and  keeps  a  pressure  of 
20  to  24  psi  in  the  seal. 


CS3  EXHAUST  AIR 

REGULATED  AiR  (20-24  PSI) 
m  HIGH  PRESSURE  AIR  |25— 175  PSI) 
UPPER  CHAMBER 

"O*  RING  SFAL 


ADJUSTMENT  SCREW  AND  LOCKNUT 
UPPER  SPRING 
PISTON 
DIAPHRAGM 


FROM  ENGINE  ^ 
COMPRESSOR 


CANOPY  SEAL 


GROUND 
PRESS. 
TEST 
FITTING 


POPPET 
VALVE 


DIAPHRAGM 


BALANCING 
CHAMBER 


LOWER 
SPRING 


OVERBOARD 
DUMP 


TO  CANOPY  SEAL 
CONTROL  CIRCUIT 


TO  CANOPY  SEAL 


VAIVE 
(SHUTOFF  AND  DUMP) 
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Canopy  Seal  Regulator-Inflating. 


Answer  the  statements  as  true  (T)  or  false  (F), 

a.  EBA  (engine  bleed  air)  is  applied  to  the  lower  chamber* 

b.  The  upper  spring  closes  the  poppet  valve. 

c.  The  poppet  valve  closes  when  the  upper  spring  compresses, 

d.  When  the  poppet  valve  closes  there  is  a  pressure  of  20  -  24 
psi  in  the  seal  with  the  solenoid  energized. 

12 
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Answers  to  Frame  12:    a.       T    >    b.       F  ^    c.       T    ,    d.   T 


Frame  13 

Look  at  the  diagram  as  we  discuss  operation  of  the  system  with 
the  canopy  open.    When  the  canopy  Is  opened  the  solenoid  Is  deenerglzed. 
The  spring  can  then  push  the  shutoff  and  dtunp  valve  down«    The  shutoff 
part  of  the  valve  stops  the  flew  of  regulated  air  to  the  seal.    Air  In 
the  seal  can  flow  past  the  dump  part  of  the  valve  and  will  vent 
overboard* 


EZD  EXHAUST  AIR 

REGULATED  AIR  (20—24  PSI) 
EZDhIGH  pressure  air  (25-175  PSI) 
UPPER  CHAMBER 
-0'  RING  SEAL 

FROM  ENGINE  ^ 
COMPRESSOR 


ADJUSTMENT  SCREW  AND  LOCKNUT 
UPPER  SPRING 
PISTON 
DIAPHRAGM 


CANOPY  SEAL 
GROUND 
PRESS. 
TEST 
FITTING* 


BALANCING 
CHAMBER 


TO  CANOPY  SEAL 
CONTROL  CIRCUIT 


LOWER 
SPRING 


OVERBOARD 
DUMP 


FROM  CANOPY  SEAL 


VALVE 
'SHUTOFF  AND  DUMP) 
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Canopy  Seal  Regulator-Deflating. 
Answer  the  statements  as  true  (T)  or  false  (F) . 

a.  When  the  canopy  Is  opened  the  solenoid  deenerglzes. 

b.  When  the  solenoid  deenerglzes,  spring  tension  opens  the 
dump  valve  and  closes  the  shutoff  valve. 

c.  When  the  solenoid  energizes »  the  dump  valve  closes  and  the 
shutoff  valve  opens, 

d.  When  the  solenoid  deenerglzes  the  air  flows  from  the  canopy 
seal  to  the  overboard  dump. 
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Aii9ir«rs  to  Prane  13 1    a.       T    .    b#       T    .    c.       T    .    d.   T_ 

Fraaie  14 

That  is  about  it  for  the  canopy  seal  system.    The  next  thing 
you  will  do  is  ad j list  the  canopy  seal  regulator*    You  will  do  this 
in  the  next  project. 

No  Rasponse  Required 
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Environmental  Pneudraulics  Branch 
Chanute  AFB,  Illinois 


C3ABR42331-WB-314 
10  February  1983 


MAINTENANCE  OF  CANOPY  SEAL  REGULATORS 

OBJECTIVES 

1.  Using  the  electric-pneumatic  components  trainer,  the  necessary 
handtools  and  the  applicable  TO,  bench  check  a  canopy  seal  pressure 
regulator  with  a  maximum  of  two  instructor  assists. 

2.  Inspect  a  canopy  seal  air  regulator  in  accordance  with  the 
TO  and  list  two  (2)  of  three  (3)  discropancies. 

Note:    An  instructor  assist  is  defined  as  limited  aid,  such  as 
technical  direction  or  explanation  or  technical  order  interpretation 
given  a  student  who  can  proceed  no  further  on  his/her  own. 

EQUIPMENT 

Canopy  Seal  Regulator  P/N  10752 
Electrical  Pneumatic  Trainer  #3038 
4-Inch  Common  Screwdriver 
3/8-Inch  Open-End  Wrench 
TO  16Rl-/,-2-3 


PROCEDURE 


REMOVE  YOUR  JEWELRY 

1.  Your  instructor  will  assign  you  an  electrical  pneumatic 
trainer  P/N  3038. 

2.  Go  to  equipment  locker  number  2  and  get  q  canopy  seal 
regulator  P/N  10752. 

3.  Sign  out  TO  r6Rl-4-2-3  from  the  TO  file. 

a.      In  the  TO  find  the  Leading  Particulars  for  the  regulator 
and  complete  the  following  statements. 


Supersedes  3ABR4233]-WB-314,  18  May  1981.  RGL:  N/A 

OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  ^dOF^  DAV  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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(1)  Maximum  inlet  prMsure  for  Regulator  P/N  10752  is 

(2)  Regulator  outlet  pressure  for  P/N  10752  is 

b*     Usin'g  the  TO  find  the  inspection  requirements  and  answer  the 
following  statements, 

(1)  Inspect  all  parts  for  evidence  of  > 

  >  and  » 

(2)  Inspect  ^11  threaded  areas  for  >   , 

 »  or  . 

c.     Visually  inspect  your  regulator  and  list  any  discrepancies 

below* 


d.  TO  paragraph  5»  items  a  and  b>  would  be  followed  to  repair 
and/or  replace  any  parts  which  do  not  meet  inspection  requirements • 

e.  Have  the  instructor  check  your  answers. 
A.      Trainer  preparation. 

a.  Place  switches  SI  and  S2  in  the  OFF  position « 

b.  Plug  the  trainer  power  cables  in  the  proper  wall  receptacle « 
Make  sure  that  all  circuit  breakers  on  the  left  end  of  the  trainer  are 
pushed  in. 

5.      Test  procedures » 

a.  Refer  to  the  hookup  shewn  in  figure  1  to  conqplete  the 
following  steps. 

b.  Connect  the  two  wires  on  tlie  regulator  to  the  correct 
electrical  pins  on  the  trainer  electrical  patch  panel.    Note:    It  does 
not  matter  which  wire  of  the  solenoid  goes  to  D  or  R  on  the  trainer 
electrical  patch  panel. 

c*     The  hoses  are  indicated  by  heavy  black  lines  in  figure  1. 
Get  the  hoses  from  the  bottom  of  the  trainer.    Connect  the  hoses  to  the 
regulator  as  shown.    Do  Not  use  a  wrench  to  tighten  the  "B'*  nut  as  finger 
tightness  is  sufficient  for  this  test. 
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ADJUSTMENT  SCREW 

a 


VENT 


Figure  1. 

d.  Remove  the  plug  from  the  vent  port  of  the  valve.    Then  have 
your  instructor  check  your  hookup  before  continuing. 

e.  Place  the  M4  manometer  to  the  pounds  and  tenths  scale. 
This  scale  begins  with  zero. 

f .  Place  switch  SI  in  the  "ON"  position.    DC  voltmeter  will 
read  25  ±  5  volts.    Switch  S2  will  remain  in  the  "OFF"  position. 

g.  Open  valve  V3  (counterclockwise). 

h.  Turn  R3  clockwise  until  gage  PI  reads  50  psi.    At  this  point 
we  are  simul.<iting  the  aircraft  engine  that  is  operating  with  the  canopy 
open.    The  canopy  seal  regulator  solenoid  is  deenergized  leaving  the  canopy 
seal  deflated. 

i.  Place  switch  S2  in  position  number  3.    This  energizes  the 
canopy  seal  regulator  solenoid  or  simulates  closing  of  the  canopy.  If 
the  regulator  is  adjusted  correctly,  manometer  M4  will  read  20  to  24  psi. 
This  Is  the  amount  of  pressure  actually  going  inside  the  canopy  seal. 

If  tha  reading  on  manometer  M4  is  not  betx^een  20  to  24  psi  you  will 
have  to  adjust  the  canopy  seal  regulator.    Adjustment  procedures  can  be 
found  on  page  3,  paragraph  8b,  of  the  TO.    Make  any  adjustments  now  if 
necessary.    Refer  to  figure  1  in  this  workbook  to  find  the  adjustment 
screw.    Have  your  instructor  check  your  manometer  reading. 

j.      Move  switch  82  between  position  "3"  and  "OFF"  several 
times.    The  "OFF"  position  will  deenergize  the  solenoid  letting  the  seal 
deflate  and  the  manometer  read  zero.    This  is  to  check  for  a  sticking 
solenoid. 
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k.     Place  switch  S2  in  the  **OFF''  position. 

1*     Turn  R3  counterclockwise  until  pressure  gage  PI  reads  zero. 

Turn  valve  V3  clockwise  until  closed* 

n.     Place  switch  SI  in  the  **OFF"  position. 

o.     Disconnect  canopy  aeal  regulator,  install  vent  cap  and 
return  the  valve  to  locker  #2» 

P%     Cap  all  air  ports »  plug  all  hoses,  and  return  air  hoses 
to  bottom  o£  trainer. 

Unplug  thp  trainer  and  report  to  the  instructor*  Have 
him  check  your  work  area  before  you  leave. 

Assists:    1.    2,   

Instructor's  Signature   
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PRFSSURIZATION  PRINCIPLES 
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CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
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OBJECTIVES 


1.  Relate  the  terms  associated  with  the  operation  of  the  cabin 
pressurization  system  with  80%  accuracy • 

2,  Relate  the  components  of  the  cabin  pressurization  system  to 
their  operations  with  80%  accuracy • 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  reading  each  step,  you  are  asked  to  complete  a 
statement,  match  statements,  or  respond  in  some  other  way.    Read  the 
material  and  make  your  response  as  directed  by  the  frame.    DO  NOT 
MARK  IN  THIS  TEXT.    After  you  have  made  your  response,  compare  your 
answer  with  the  correct  answer  found  at  the  top  of  the  next  even 
numbered  page.    Should  you  respond  incorrectly,  reread  the  frame  to 
clarify  the  information,  then  continue.    If  necessary,  you  may  go  back 
to  check  a  fact  or  a  principle,  but  do  not  skip  ahead  unless  you  are 
told  to  do  so  in  the  package. 

Use  this  simple  rule:     READ — RESPOND — CONFIRM — ADVANCE. 

You  will  not  be  graded  on  how  fast  you  complete  this  material. 
You  will  be  tested  on  what  you  have  learned. 


• 
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Frame  1 


As  long  as  a  pilot  flies  close  to  sea  level  (where  he  was  designed 
to  be),  atmospheric  pressure  will  force  nitrogen,  oxygen  and  other  gases 
into  his  lungs  and  throughout  his  body.    He  needs  the  right  amount  of 
these  gases  to  function.    He  needs  them  to  live.    However,  as  a  plane 
gains  altitude,  atmospheric  pressure  goes  down.    The  pilot  gets  to  a 
point  in  his  flight  where  there  is  not  enough  pressure.    Low  atmospheric 
pressure  will  not  force  the  gases  he  nee4s  through  his  system  and  his 
body  will  fail.    Now  he  is  faced  with  a  real  problem.    At  high  altitudes 
his  body  functions  become  so  affected  that  he  has  periods  of  dizziness, 
muscular  weakness  and  at  times  severe  pain. 

Lack  of  oxygen  can  cause  poor  vision,  increased  heartbeat,  dizzi- 
ness, and  muscle  fatigue.    Any  of  the  symptoms  are  known  as  hypoxia. 

Nitrogen  starts  to  bubble  at  very  low  pressure.    The  bubbles,  as 
they  pass  through  the  body,  cause  much  pain  in  the  muscles  and  joints. 
This  symptom  is  known  as  the  "bends,"    The  bubbles  in  the  blood  that 
pass  through  the  chest  area  cause  difficulty  in  breathing.    This  is 
known  as  the  "chokes,"    As  the  bubbles  work  their  way  through  body 
tissues,  skin  blotches  and  itching  occur  and  this  is  called  the 
"creeps," 

So,  it  is  not  a  matter  of  what  IS  there  at  high  altitudes  that 
does  cause  discomfort,  but  rather,  what  is  NOT  there.    And  the  important 
thing  that  is  not  there,  is  atmospheric  pressure.    To  fix  this  problem^ 
aircraft  crew  compartments  (cabin,  cockpit)  have  been  pressurized. 

Answer  the  statements  as  true  (T)  or  .alse  (F) , 

1.  High  altitudes  have  no  effect  on  the  human  body. 

2.  Atmospheric  pressure  is  needed  to  force  the  necessary  gases 
through  the  body. 

3.  As  altitude  is  decreased,  atmospheric  pressure  is  increased. 

4.  Oxygen  begins  to  bubble  at  a  very  low  pressure. 

5.  The  "bends"  is  caused  by  lack  of  nitrcgen. 

6.  The  absence  of  nitrogen  and  oxygen  at  high  altitudes  is 
what  causes  the  body  to  fail. 

7.  If  man  is  to  fly  and  function  at  high  altitudes,  he  must 
stay  within  a  pressurized  compartment. 

8.  The  terms  crew  compartment,  cockpit,  and  cabin,  have  the 
same  meaning. 
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CORRECT  RESPONSES  TO  FRAME  1:    1.  1.  3.  J[_  4. 

5,     F       6,    T       1.    T       8.  T 

Frame  2 

To  help  you  see  the  relationship  between  atmospheric  pressure  and 
al*:itude,  table  1  was  made.    You  can  see  that  an  increase  in  altitude 
will  result  in  a  decrease  in  atmospheric  pressure.    The  chart  is  a 
simplified  version  of  a  more  complicated  technical  order  chart. 


ATM 

ATM 

ATM 

Airl 

/i-Luicu^e 

iiJLUl  UUQe 

/pQT  A^ 

iiicicuae 

/""DCT  A% 

-1,000 

15.23 

21,000 

6.48 

43,000 

2.36 

Sea  Level 

14.69 

22,000 

6.21 

44,000 

2.25 

1,000 

14.17 

23,000 

5.95 

45,000 

2.15 

2,000 

13.66 

24,000 

5.70 

46,000 

2.05 

3,000 

13.17 

25,000 

5.46 

47,000 

1.95 

4,000 

12.69 

26,000 

5.22 

48,000 

1.86 

5,000 

12.23 

27,000 

5.00 

49,000 

1.77 

6,000 

11.77 

28,000 

4.78 

50,000 

1.70 

7,000 

11.34 

29,000 

4.57 

51,000 

1.61 

8,000 

10.91 

30,000 

,4.37 

52,000 

1.54 

9,000 

10.50 

31,000 

4.18 

53,000 

1.46 

lo.eoo 

10.10 

32,000 

3.99 

54,000 

1.39 

11,000 

9.72 

33,000 

3.81 

55,000 

1.33 

12,000 

9.34 

34,000 

3.63 

56,000 

1.27 

13,000 

8.99 

35,000 

3.47 

57,000 

1.21 

14,000 

8.63 

36,000 

3.30 

58,000 

1.15 

15,000 

8.29 

37,000 

3.15 

59,000 

1.10 

16,000 

7.96 

38,000 

3.00 

60,000 

1.05 

17,000 

7.65 

39,000 

2.86 

70,000 

.648 

18,000 

7.34 

40,000 

2.73 

80,000 

.404 

19 ,000 

7.05 

41,000 

2.60 

90,000 

.252 

20 ,000 

6.76 

42,000 

2.48 

100,000 

.160 

Table  1.    Relation  Between  Altitude  and  Atmospheric  Pressure. 

Using  table  1  and  the  response  sheet,  fill  in  the  blanks  showing 
atmospheric  pressure  at  various  altitudes. 


!•  sea  level. 

2.^  12,000  ft. 

3>   ^25,000  ft. 

4.  _   50,000  ft. 

5.  ^  100,000  ft. 


At  what  altitude  would  the  aircraft  be  if  atmospheric  pressure  is 

6.  8.99  psi  . 

7.  6.76  psi  , 

8.  2.60  psi  . 

9.  1.05  psi  , 

10.     .252  psi  . 
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Frane  3 


We  now  know  that  the  aircraft  cabin  must  be  pressurized  for  high 
altitude  flying.    Let  us  find  out  where  we  get  the  pressure.    Is  the  cabin 
pressurized  by  some  sort  of  air  compressor  before  flight?    Do  the  crew 
members  take  bottles  of  air  pressure  with  them?    Is  there  a  system  on  the 
plane  that  makes  the  pressure?    All  of  these  ideas  could  be  right.    A  sys- 
tem on  the  aircraft  is  felt  to  be  the  best  method  of  pressurizing. 

Most  planes  that  fly  at  great  heights  are  run  by  jet  engines.  The 
engine  compressor  section  supplies  air  pressure  for  operation  of  various 
systems  on  the  plane.    One  of  the  systems  that  is  run  by  engine  bleed 
air  (EBA;,  from  the  engine  compressor  section,  is  the  air  conditioning 
system.    This  system,  in  turn,  supplies  a  flow  of  air  to  heat,  cool,  and 
pressurize  the  cabin.    So,  if  the  air  conditioning  system  fails,  cabin 
pressurization  will  be  lost. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  Most  aircraft  that  fly  at  high  altitudes  are  jet  powered. 

2.  The  compressor  section  is  a  feature  of  a  jet  engine. 

3.  The  air  conditioning  system  is  driven  by  air  from  the  engine 
compressor  section. 

4.  The  ?ir  conditioning  system  supplies  air  for  cabin  pressurization. 

5.  Failure  of  the  air  conditioning  system  will  have  no  effe.c  on  cabin 
pressurization. 
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CORRECT  RESPONSES  TO  FRAME  2:    1.    14>69      2.    9,34      3,    5,46     4.  1.70 


5.     >160     6.    13,000      ?•    20>00C     8.    41,000     9.    60,000     10,  90,000 
CORRECT  RESPONSES  TO  FRAME  3:    1.  _T_     ^*  JL      3*  JL     4.    T       5.  F 
Frame  4 

You  must  be  familiar  with  some  terms  used  with  cabin  pressurization . 
The  terms  defined  below  will  be  used  in  your  training  on  pressurization 
principles.    It  is  important  that  yoii  learn  the  meaning  of  each  term. 
If  you  do  not,  the  rest  of  this  text  and  others  to  follow  will  be  hard 
for  you  to  understand. 

1.  PSIG  -    Pounds  per  square  inch  gage.    The  pressure  shown  on  a  gage. 

Does  not  include  atmospheric  pressure. 

2.  PSIA  -    Pounds  per  square  inch  absolute,  in  reference  to  zero.  To 

find  PSIA,  take  the  pressure  shown  on  a  gage  and  add  the 
atmospheric  pressure  to  it. 

3.  PSID  -    Pounds  per  square  inch  differential.    This  is  the  difference 

in  two  pressures.    For  examples    cabin  pressure  is  12  PSIA 
and  atmospheric  pressure  is  9  PSIA.    The  PSID  is  3  PSI. 

4.  Engine  Bleed  Air  (EBA)  -  This  is  the  supply  of  air  that  comes  from 

the  engine  compressor  section.    The  engine 
bleed  air  drives  the  air  conditioning 
system. 

5.  Atmospheric  Pressure  -     The  pressure  of  the  air  mass  surrounding 

the  earth.    At  sea  level  this  pressure  is 
approximately  14.7  psi  and  it  decreases 
as  altitude  increases. 

6.  Cabin  Pressure  -  The  amount  of  air  pressure  inside  the  aircraft 

cabin  or  crew  compartment;. 

7.  Aircraft  Altitude  -  The  exact  height  at  which  the  aircraft  is 

located.    Measured  in  feet  from  sea  level  up. 
This  altitude  can  be  found  if  you  know  the  cabin 
altitude  and  the  differential  pressure.    Here  is 
how  it  works:    the  cabin  altitude  is  20,000  feet, 
that  is  equal  to  a  pressure  of  6.76  psia.  The 
differential  pressure  is  4.0  psid.    You  know  that 
4.0  psid  means  that  the  pressure  in  the  cabin  is 
4.0  psi  more  than  the  atmospheric  pressure. 
You  would  then  subtract  4.0  psid  from  6.76  psla^ 
that  leaves  2.76  psia.    This  is  the  atmospheric 
pressure.    The  2.76  psia  is  equal  to  an  altitude 
of  approximately  40,000  feet,  the  aircraft 
altitude. 
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Frame  4  (Cont'd) 

8.  Cabin  Altitude  -  A     -nparison  of  cabin  pressure  to  atmospheric 

pressure  at  various  altitcdes.    This  altitude  can 
be  found  if  you  know  the  aircraft  altitude  and  the 
differential  pressure.    For  example:    Let  us  say, 
the  aircraft  altitude  is  50,000  feet,  that  is  equal 
to  a  pressure  of  1.7  psia.    The  differential  pressure 
is  5.0  psid.     In  this  case,  you  would  have  to  add 
5.0  psid  to  1.7  psia.    5.0  psia  plus  1.7  psia  is 
equal  to  6.7  psia.    The  6.7  psia  is  equal  to  a  cabin 
altitude  of  approximately  20,000  feet. 

9.  Isobaric  Range  -  Two  points  in  cabin  altitude  between  which  cabin 

pressure  remains  constant.    One  point  is  where 
cabin  pressurization  begins  and  the  other  point  is 
where  the  constant  pressure  ends  and  differential 
pressure  takes  over.    See  figure  1.    Notice  that 
there  are  three  ranges  of  cabin  pressurization. 


DIFFERENTIAL 


AIRPLANE  ALTITUDE. THOUSAND  FEET 
FLIGHT  SCHEDULE  OF  PRESSURIZED  CaBIN 


PRESSURIZATION  SCHEDULE 


Figure  1. 

10.    Aneroid  or  Evacuated  Bellows  -  A  metallic  bellows  from  which  all  air 

has  been  removed.    It  is  sealed  so  no 
pressure  can  get  in  cr  out.  The 
aneroid  is  sensitive  to  changes  in 
atmospheric  pressure.    The  aneroid 
reacts  to  atmospheric  pressure  above 


m7 


Frame  4  (Cont'd) 


and  belov  10  psi.    A  guide  spring  inside 
the  aneroid  sets  this  pressure.  When 
atmospheric  pressure  is  above  10  psi 
the  aneroid  will  contract .    When  atmo 
spheric  pressure  is  below  10  psi  the 
aneroid  will  expand. 

11.  Low  Differential  -  A  feature  of  certain  cabin  pressure  regulators 

which  maintains  a  low  pressure  differential 
between  the  cabin  pressure  and  atmospheric 
pressure  while  the  aircraft  is  in  a  combat  area. 

12.  High  Differential  -  A  feature  of  some  cabin  pressure  regulators 

which  maintains  a  high  pressure  differential 
between  cabin  pressure  and  atmospheric  pressure. 
Usually  found  on  noncombat  type  aircraft. 

Answer  the  statements  as  either  true  (T)  or  false  (F)  • 

1,  Engine  bleed  air  comes  from  the  engine  exhaust  section, 

2,  PS ID  is  gage  pressure  plus  atmospheric  pressure, 

3,  Cabin  altitude  has  to  be  the  same  as  aircraft  altitude, 

4,  Aneroid  bellows  are  filled  with  air  and  expand  under  high  pressure, 

5,  During  the  isobaric  range  cabin  pressure  remains  constant. 
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8 


Frame  5 


The  air  conditioning  system  always  pumps  air  into  t'^e  cabin* 
Pressurization  will  get  too  high  if  some  s'-i.t  of  control  is  not  used. 


Figure  2, 

There  is  one  type  of  control  vhich  is  built  in.    This  is  what  is 
known  as  normal  leakage.    Even  though  the  cabin  is  sealed,  some  air 
still  can  get  out  around  cables,  fittings,  and  joints  in  the  metal 
panels.    This  leakage  is  not  enough  to  stop  overpressurization.  The 
air  conditioning  system  puts  out  a  greater  flow  of  air  than  the  normal 
leakage  can  take  care  of. 

In  addition  to  normal  leakage,  most  planes  use  a  device  known  as 
a  cabin  pressure  regulator.    This  unit  is  put  in  the  aircraft  cabin 
and  it  vents  to  the  outside  (atmosphere).    Its  function  is  simple. 
When  cabin  pressure  gets  too  low  (minimum) ,  the  regulator  will  close 
the  vent  to  the  outside.    This  will  allow  the  air  conditioning  system 
to  build  up  the  pressure.     If  pressure  starts  to  go  too  high  (maximum), 
the  regulator  will  open  the  vent.    Excessive  pressure  is  dumped  into 
the  atmosphere* 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1,  Cabin  pressure  is  supplied  by  the  air  conditioning  system, 

2,  All  aircraft  cabins  have  a  certain  amount  of  normal  leakage, 

3,  Normal  leakage  cannot  effectively  control  cabin  pressure, 

4,  The  cabin  pressure  regulator  is  actuated  by  cabin  air  temperature, 

5,  The  cabin  pressure  regulator  is  located  inside  the  aircraft  cabin. 
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CORRECT  RESPONSES  TO  FRAME  4:    1.  2.    F       3,    F       4.    F       5,  T 


CORRECT  RESPONSES  TO  FRAME  5:    1.  _T_     2.  _T_     3,  JT_     4,  _F_     5.  T 

Frame  6 

You  now  have  a  general  idea  of  what  a  cabin  pressure  regulator  does. 
Let  us  take  a  close  look  to  see  just  how  one  works.    There  are  several 
types  of  regulators  and  some  cf  them  are  complicated.    All  of  them  are 
made  to  automatically  control  cabin  pressure.    By  controlling  pressure, 
the  plane  can  fly  at  various  altitudes  and  the  pilot  or  flight  crew  will 
not  have  any  discomfort  due  to  Improper  pressurization. 

Most  regulators  have  two  main  parts;  (1)  the  regulator,  and  (2)  the 

outflow  valve.    These  two  parts  are  sometimes  put  together  as  one  unit 

or  they  may  be  mounted  in  different  places  in  the  cabin  and  connected 
by  air  lines  (tubing) . 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  There  are  several  types  of  cabin  pressure  regulator  assemblies. 

2.  Cabin  pressure  regulator  assemblies  automatically  control  cabin 
pressure. 

3.  Most  regulator  assemblies  are  made  up  of  only  one  main  part. 

4.  The  regulator  and  outflow  valve  must  be  mounted  at  separate 
locations  in  the  cabin. 

5.  The  regulator  and  outflow  valve  may  be  bolted  together  as  one  unit. 
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Er|c  10 


Frame  V 


The  regulator  assembly  is  installed  INSIDE  the  cabin,    Tne  outflow 
valve  covers  an  opening  in  the  aircraft  skin*    When  the  outflow  valve  is 
open,  cabin  air  can  flow  out  to  the  atmosphere ♦    Refer  to  figure  3  as  we 
talk  about  the  outflow  valve. 


ATMOSKHcftiC  PRESSURE 


Figure  3, 

In  figure  3  the  round  outflow  valve  has  been  cut  in  half  from  top  to 
bottom  and  you  are  looking  into  the  open  side  of  one  half.    Number  one  (1) 
is  part  of  the  valve  housing.    It  bolts  to  the  regulator  (not  shown)  and 
does  not  move.    Number  two  (2)  is  a  rubberized  diaphragm  ;:hat  allows  the 
valve  to  move.    Number  three  (3)  is  the  valve  (shown  closed)  and  it  moves 
up  and  down.    Number  four  (4)  is  the  lower  part  of  the  valve  housing 
that  bolts  to  the  inside       the  aircraft  skin.    Number  five  (5)  is  a 
guide  bolt  on  which  the  valve  slides  up  and  down.    Number  six  (6)  is  a 
spring  which  pushes  down  on  the  valve  with  about  .3  pounds  of  force  to 
help  keep  the  valve  on  seat.    Number  seven  (7)  is  the  aircraft  skin  that 
has  slits  cut  so  that  cabin  pressure  way  vent  to  the  atmosphere. 

From  the  illustration,  identify  the  name  of  each  part  of  the 
outflow  valve. 

 ja.    guide  bolt.   ^e.  valve 


b.    upper  valve  housing   f.    aircraft  skin 


c.  diaphragm   g.    lower  valve  housing 

d.  spring 
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CORRECT  RESPONSES  TO  FRAME  6:    1.  JL     2,  3.  JF^  _L      5.  _T 

CORRECT  RESPONSES  TO  FRAME  7:    a.  ^  '  c.  d.  j6_     e,  ^ 

f.    7       g>  4 
Frame  8 

When  the  plane  is  on  the  ground  and  the  air  conditioning  system  is 
off,  cabin  pressure  and  atmospheric  pressure  are  both  at  14.7  psi.  The 
spring  in  the  outflow  valve  will  push  down  with  a  force  of  0.3  pounds. 
This  force  plus  the  atmospheric  pressure  that  comes  in  the  control  head 
chamber  through  the  vent  line,  holds  the  outflow  valve  on  seat.  Total 
pressure  is  15  psia  (14.7  +  0.3).  Cabin  pressure  (14.7  psia)  does  push 
up  on  the  valve,  but  can  not  overcome  the  downward  force  of  15  psia. 


ATMOSPHERIC  PRESSURE  14.7  PSI 


Figure  4. 
NO  RESPONSE  REQUIRED 
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12 


Frame  9 

Before  going  any  further,  ie-'s  briefly  review  what  has  been  covered 
thus  far. 

1.  Cabin  pressurization  is  needed  for  aircraft  that  fly  at  high 
altitudes* 

2.  Cabin  pressurization  is  provided  by  the  air  conditioning  system. 

3.  The  air  conditioning  system  is  driven  by  air  pressure  from  1 
engine  compressor  section* 

4.  Cabin  pressure  must  be  controlled  to  prevent  it  from  becoming 
excessive.    The  most  common  control  device  used  to  control  pressure  is 
the  cabin  pressure  regulator  assembly* 

5*      The  regulator  assembly  is  always  located  inside  the  pres- 
surized compartment  (cabin)* 

6*      The  regulator  assembly  is  made  of  two  major  parts,  the  outflow 
valve  and  the  regulator. 

7*      The  outflow  valve  opens  and  closes  to  allow  cabin  pressure  to 
build  up  or  be  vented  through  louvers  in  the  ai^'craft  skin  to  the 
atmosphere. 

8.      Control  head  pressure  is  atmospheric  pressure  plus  spring 
tension*    This  pressure  tries  to  hold  the  outflow  valve  on  seat* 

9*      Should  cabin  pressure  exceed  control  head  pressure  it  will 
offseat  the  outflow  valv<=>* 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAMIi)  8:    None  required. 
CORRECT  RESPONSE  TO  FRAME  9:    None  required, 
Fcame  10 

The  next  part  of  the  cabin  pre.ssure  regulator  assembly  is  the 
regulator.    The  type  we  will  discuss  sits  on  top  of  the  outflow  valve. 
The  control  head  chamber  of  the  outflow  valve  vents  to  the  atmosphere 
through  the  regulator  control  head  chamber. 


ATMOSPHERIC  VENT 


CABIN  PRESSURE 


CABIN  PRESSURE 
CABIN  PRESSgRE  REGULATOR 


ATMOSPHERIC  PRESSURE 


REGULATOR  CONTROL  HEAD  CHAMBER 


CABIN 
PRESSURE 


OUTFLOW 
VALVE  — 


ATMOSPHERIC 
CONTROL  HEAD 


CABIN 
PRESSURE 


ATMOSPHERIC  PRESSURE 


N-447 


Figure  5. 


The  position  of  the  outflow  valve  is 

a.  Open . 

b.  Closed. 


ERIC 
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Frame  11 


A  filter  and  orifice  have  been  added  to  the  illustration.    The  orifice 
(bleed  hole)  is  put  in  the  control  head  of  the  regulator  to  let  a  small 
amount  of  cabin  air  flow  in  the  control  head  of  the  regulator.  The 
filter  is  used  to  keep  dirt  from  plugging  the  orifice.    Compare  the  size 
of  the  orifice  with  the  atmospheric  vent.    The  orifice  is  made  smaller. 
Air  can  flow  out  through  the  vent  faster  than  it  can  enter  th.  control 
head  through  the  orifice. 


Figure  6, 


a 


ERIC 
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CORRECT  RESPONSES  TO  FRAME  10:  b 


Frame  11  (Cont'd) 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  Due  to  the  size  of  the  orifice,  the  pressure  in  the  control  head 
chamber  will  be  relieved  faster  than  it  can  be  built  up. 

2.  Reducing  the  control  head  pressure  faster  than  it  can  be  built  up 
will  let  the  cabin  pressure  open  the  outflow  valve. 

3.  If  the  filter  became  clogged  with  dirt,  the  control  head  chamber 
pressure  would  reduce  and  the  outflow  valve  would  open. 

4.  Opening  the  outflow  valve  would  reduce  the  cabin  pressure  by 
allowing  the  cabin  air  pressure  to  flow  to  the  atmosphere. 


Frame  12 

Identify  each  part  of  the  pressure  regulator  and  outflow  valve. 


CONTROL  CHAMBER 


Figure  ?• 

A  thin  flexible  disc  attached  to  the  outflow  valve  that  separates 
cabin  pressure  from  control  head  pressure. 

Causes  movement  of  the  outflow  valve. 

Applies  a  pressure  of  ,2  to  ,3  psi  to  the  outflow  valve  to  keep  the 
outflow  valve  from  chattering  during  its  opening  and  closing  cycles. 

Controls  the  size  of  the  opening  in  the  aircraft  skin. 

Controls  the  amount  of  cabin  pressure  air  flowing  to  the  atmosphere. 

Allows  a  metered  amount  of  cabin  air  pressure  to  enter  the  control 
head  of  the  cabin  pressure  regulator  and  prevents  dirt  from 
plugging  or  restricting  the  orifice. 
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ERIC  17 


CORRECT  RESPONSES  TO  FRAME  11:    \.  T 

CORRECT  RESPONSES  TO  FRAME  12 :     I.  D 

6.  _C_ 

Frame  13 


2.  _T_ 
2.  D 


3.  _T_ 
3.  B 


A. 
A. 


A 


5.  A 


The  Illustration  shows  that  ?n  aneroid,  lever,  fulcrum,  and  metering 
valve  have  been  added.    The  spring  tries  to  open  the  metering  valve.  In 
Frame  4  you  were  taught  what  an  aneroid  is  and  how  it  works. 


ATMOSPH   <IC  VENT 


FILTER  AND 
ORIFICE- 


N-  445 


Figure  8. 


NO  RESPONSE  REQUIRED 


ERIC 


Frame  14 


In  the  illustration,  a  spring  has  been  hooked  to  the  lever.    One  end 
of  the  spring  is  threaded  onto  a  bolt.    Turning  the  bolt  adjusts  the  spring 
tension.    This  adjustment  sets  the  altitude  at  which  the  aneroid  will  close 
the  metering  valve. 


1- 


Figure  9, 

Answer  the  statements  as  true  (T)  or  false  (F) . 

Spring  tension  tends  to  close  the  metering  valve  by  pulling  up  on 
the  lever. 


2.  Adjusting  the  spring  tension  determir.as  the  altitude  at  which  the 
metering  valve  will  close. 

3.  Compressing  the  aneroid  closes  the  metering  valve. 


ERIC 
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CORRECT  RESPONSES  TO  FRAME  13:    None  required. 


CORRECT  RESPONSES  TO  FRAME  14:    1,  2.  3.  _F_ 

Frame  15 

When  the  aneroid  contracts  (low  altitude,  high  pressure)  it  pulls  up  on 
the  lever  and  off  seats  the  metering  valve.    This  will  let  control  head  pressure 
in  the  regulator  and  outflow  valve  escape  into  the  atmosphere.    As  control 
head  pressure  drops,  the  cabin  pressure  on  the  outside  of  the  outflow  valve 
will  force  the  valve  open.    Air  can  then  flow  out  the  opening  In  the  aircraft 
skin.    This  will  cause  a  drop  in  cabin  pressure.    You  can  see  that  the  aneroid 
has  compressed,  spring  tension  has  been  overcome  and  the  metering  valve  has 
opened. 


Figure  10. 

Identify  the  statement  that  best  describes  the  events  that  will  occur 
following  the  opening  of  the  metering  valve . 

a.      The  control  head  chamber  pressure  in  both  the  regulator  and  the 
outflow  valve  will  bleed  to  atmosphere.    Pressure  in  the  control  head 
chamber  of  the  outflow  valve  is  reduced.    The  cabin  pressure,  surrounding 
the  oi.tflow  valve  diaphragm  will  force  the  outflow  valve  open.  Cabin 
pressure  is  drained  to  the  atmosphere. 


ERIC 
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Frame  15  (Cont'd) 

b.      Control  head  pressure  in  both  the  regulator  and  the  outflow  valve 
will  build  up.    The  pressure  in  the  control  head  chamber  of  the  outflow 
valve  increases.    The  control  head  pressure  in  the  outflow  valve  is 
higher  than  the  cabin  pressure  surrounding  the  outflow  valve.    The  outflow 
valve  will  close  and  allow  cabin  pressure  to  build  up. 


CORRECT  RESPONSES  TO  FRAME  15:  a 


Frame  16 


In  the  illustration  shown  below,  the  aneroid  has  expanded  and  the 
spring  has  moved  the  metering  valve  to  the  closed  position. 


Identify  the  statemsiit  that  best  describes  the  events  that  take  place 
followin    the  closing  of  t'\e  metering  valve. 

a.  The  control  hc^*d  chamber  pressure  in  both  the  regulator  and  the 
outflow  valve  bleeds  to  atmosphere.    Pressure  in  the  control  head  chamber 
of  the  outflow  valve  is  reduced.    The  cabin  pressure  surrounding  the  out- 
flow valve  diaphragm  forces  the  outflow  valve  open.    Cabin  pressure  is 
drained  to  the  atmosphere. 

b.  The  control  head  pressure  in  b  th  the  regulator  and  the  outflow 
valve  builds  up.    Pressure*  In  the  control  head  chamber  of  the  outflow 
valve  is  increased.    Since  the  control  head  pressure  in  the  outflow  valve 
is  higher  than  the  cabin  pressure  surrounding  it,  the  outflow  valve 
closes.    Cabin  pressure  is  allowed  to  build  up. 


Figure  11. 


ERIC 
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Frame  17 


• 


The  isobaric  section  is  made  up  of  the  aneroid,  spring,  and  metering 
valve •    It  does  two  things.    It  I'.eeps  the  cabin  from  being  pressurized 
until  the  plane  gets  to  a  preset  height.    Then  it  lets  the  cabin  be 
pressurized  but  keeps  the  amount  of  pressure  steady  until  the  plane  gets 
to  a  higher  altitude.    Go  back  to  Frame  4  and  look  at  figure  1,    You  will 
see  three  ranges  of  cabin  pressurization;  (1)  unpressurized,  (2)  isobaric, 
and  (3)  differential.    The  isobaric  section  controls  the  first  two  of 
these. 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1*      The  isobaric  section  consists  of  an  aneroid,  an  adjustable  spring, 
and  a  metering  valve, 

2,  The  range  of  cabin  pressurization  at  which  a  constant  value  is 
maintained  is  called  the  differential  range, 

3,  There  are  at  least  three  ranges  in  a  cabin  pressurization  system, 

4,  The  isobaric  section  of  the  cabin  pressure  regulator  produces 
the  first  two  ranges  of  cabin  pressurization. 


• 
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CORRECT  RESPONSES  TO  FRAME  16:  b 


CORRECT  RESPONSES  TO  FRAME  17  J  1>  T 
Frame  18 


2.  F 


3*  T 


4.  T 


The  differential  section  is  one  of  the  main  parts  of  a  cabin  pressure 
regulator.    Its  job  is  to  take  over  control  of  cabin  pressure  when  the 
isobaric  section  kicks  out.    In  figure  1  (Frame  4)  you  can  see  that  the 
isobar ic  range  ends  at  35,000  ft.    When  the  differential  section  takes 
over  it  keeps  a  set  differential  between  cabin  and  atmospheric  pressure. 
The  differential  section  is  made  up  of  just  a  few  parts.    One  of  them 
is  the  metering  valve  shown  below. 


ATMOSPHERIC  VENT 


N-450 


Figure  12. 

The  metering  valve  is  moved  on  seat  or  off  seat  by  the  lever.  The 
lever  rocks  up  and  down  on  a  fulcrum  (pivot  t^int) .    The  lever  is  moved  by 
a  piston  which  separates  control  head  pressure  from  the  vent  port.  The 
piston  is  moved  up  and  down  by  a  diaphragm.    The  diaphragm  is  pushed  up 
or  down  by  coutrol  head  or  atmospheric  pressure  whichever  is  greater. 
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Frame  18  (Cont'd) 


Answer  the  statements  as  true  (T)  or  f^ilse  CF) . 

If  the  control  pressure  is  higher  than  the  atmospheric  pressure, 
the  diaphragm  is  forced  up  and  the  metering  valve  opens. 

If  atmospheric  pressure  is  greater  than  control  pressure,  the 
diaphragm  is  forced  down  and  the  metering  valve  closes. 

Opening  the  metering  valve  reduces  control  pressure  so  that  the 
outflow  valve  may  be  opened. 

Closing  of  the  metering  valve  causes  control  chamber  pressure  to 
build  up  and  close  the  outflow  valve.    Opening  the  metering  valve 
causes  control  chamber  pressure  to  decrease  and  allow  the  outflow 
valve  to  be  opened. 

Closing  the  metering  valve  decreases  control  chamber  pressure  and 
opens  the  outflow  valve.    Opening  the  metering  valve  increases 
control  chamber  pressure  and  closes  the  outflow  valve. 
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i-'OR.  ASES  TO  FRAME  18:    1.  JL     2.  _T_     3.  _t_     4.    t       5.  F 

Frame 

lever'^°^TM^  Itt-^""  '^f  illustration  that  a  spring  has  been  hooked  to  the 
thl  di-^nJ^.l^^^'      """^  atmospheric  pressure  pushing  down  on 

the  diaphragm  and  piston,  tries  to  keep  the  metering  valve  on  seat  The 

J^J^n^'.  1^         should  be  set  to  keep  a  5  psi  differential  between 

cabin  and  atmospheric  pressures.  oeLween 


Figure  13. 

HSff  l^^^^^^^J  the  statement  which  best  describes  the  operation  of  the 
differential  section. 

or^.ft'r-  T""        .'"^'^^^i^g  valve,  control  chamber  pressure  must  be 

greater  than  the  combined  force  of  the  differential  spring  and 
atmospheric  pressure. 

b       To  open  the  metering  valve,  the  combined  force  of  the 

^^n^ro^^^''/T'K'^  ^^^^  "^"'"'S  "•"^^^       g^^^ter  than  the 

control  head  chamber  pressure. 
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Identify  each  part  of  the  differential  section* 


Frame  20 


N-439 


Figure  14* 

!•      Controls  the  amount  of  chamber  pressure  that  bleeds  to  atmosphere 
thereby  controlling  the  opening  and  closing  of  the  outflow  valve. 

1.      Separates  atmospheric  pressure  from  control  head  pressure • 

3,      Links  the  differential  diaphragm  and  metering  valve  together  so 

that  the  diaphragm  can  control  the  position  of  the  metering  valve. 

4*      Works  with  the  atmospheric  pressure  on  the  top  of  the  differential 
diaphragm  to  close  the  metering  valve. 
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CORRECT  RESPONSES  TO  FRAME  19:  a 

CORRECT  RESPONSES  TO  FRAME  20:    1,  ^     2.  3.  Ji_  4, 

Frame  21 

Identify  each  part  of  the  cabin  pressure  regulator  and  outflow  valve* 


R-J08 


Figure  15. 

1*    Helps  supply  the  force  which  tends  to  keep  the  outflow  valve 
on  seat. 

2.  Opens  and  closes  to  vent  cabin  pressure  to  the  atmosphere. 

3.  Separates  outflow  valve  control  head  pressure  from  cabin  pressure. 

4.  Allows  a  small  amount  of  cabin  air  pressure  to  enter  the  regulator 
control  head  chamber. 

5.  Aids  the  aneroid  in  applying  the  force  to  close  the  metering 
valve. 

6.  Vents  control  head  pressure  to  the  atmosphere  when  the  aneroid 
is  compressed. 

7.  Vents  control  head  pressure  to  the  atmosphere  during  operation 
of  the  differential  section. 
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Frame  21  (Cont'd) 

8,  Is  actuated  by  either  control  head  pressure  or  atmospheric 
pressure, 

9.  Expands  or  contracts  depending  on  aircraft  altitude. 

10.    Aids  the  diaphragm  and  piston  in  positioning  the  differential 
metering  valve. 
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CORRECT  RESPONSES  TO  FRAME  21:    !•  2.  _K_     3,  4.  __C_ 

5.    D       6>    F       7.    B  8. 

Frame  22 

Now  let's  take  everything  we've  talked  about  and  put  it  all  together 
as  an  operational  system.    Refer  to  foldout  1, 

UNPRESSURIZED  RANGE 

1,  Aircraft  on  the  ground  -  The  air  conditioning  is  on.  Cabin 
pressure  builds  up  both  inside  and  outside  the  regulator.    It  gets  inside 
the  regulator  through  the  filter  and  orifice  and  collapses  the  aneroid. 
This  pull:>  the  isobaric  metering  valve  off  seat  and  vents  both  control 
head  chambers  to  the  atmosphere.    Now  the  pressure  on  the  outside  pushes 
up  on  the  outflow  valve  diaphragm  and  lifts  the  outflow  valva  off  seat. 
This  lets  cabin  pressure  be  dumped  and  the  plane  is  unpressurized, 

2,  Aircraft  starts  to  climb  -  All  components  of  the  regulator  are 
in  the  same  position  as  when  the  aircraft  was  on  the  ground.    Keep  in 
mind  that  both  control  head  chambers  are  vented  to  the  atmosphere. 
Atmospheric  pressure  is  decreasing  as  the  aircraft  climbs. 

Answer  the  statements  as  true  (T)  or  false  (F) , 

1,  At  this  time  the  aneroid  is  compressed, 

2,  The  isobaric  metering  valve  is  off  seat, 

3,  Both  control  head  chambers  are  vented  to  the  atmosphere 
through  the  isobaric  metering  valve, 

4,  Cabin  pressure  is  building  up  on  the  outside  of  the  regulator 
faster  than  it  can  bleed  through  the  orifice  into  the  control 
head  chamber, 

5*      The  out 1  low  valve  is  off  seat, 

6,  The  cabin  is  not  pressurized  while  the  aircraft  is  on  the 
ground , 

7,  As  the  aircraft  starts  to  climb,  atmospheric  pressure  starts 
to  decrease. 
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Frame  23 


ISOBARIC  RANGE 

1-      Aircraft  at  11,000  feet  -  By  the  time  the  aircraft  has  reached 
11,000  feet,  the  atmospheric  pressure  has  dropped  to  9,72  psia  (see 
table  1) ,    Now  the  spring  tension  inside  the  aneroid  (10  psia)  is  greater 
than  the  pressure  in  the  control  head  chamber  (9,72  psia).    The  aneroid 
expands  to  close  the  isobar ic  metering  valve*    As  soon  as  the  metering 
valve  is  closed,  the  outflow  valve  goes  on  seat.    This  is  because  the 
pressure  inside  the  control  head  chambers  overcomes  the  cabin  pressure 
that  had  been  dumped  through  the  outflow  valve.    Once  the  outflow  valve 
goes  on  seat,  cabin  pressure  will  build  up  and  bleed  through  the 
orifice.    This  will  compress  the  aneroid  (10  psia)  and  open  the  meter- 
ing valve  again. 

2,      Aircraft  between  11,000  and  29,000  feet  -  Between  these  two 
heights  the  regulator  keeps  cycling  (opening  and  closing).    This  keeps 
cabin  pressure  at  9,72  psia  which  is  equal  to  the  atmospheric  pressure 
at  11,000  feet.     This  is  called  "c^ibin  altitude,"    Cabin  altitude  means 
that  the  plane  can  fly  at  any  height  between  11,000  and  29,000  feet  but 
cabin  pressure  will  stay  at  the  11,000  ft,  value.    Keep  in  mind  that 
all  the  time  the  plane  is  climbins,  the  pressure  on  top  of  the  differ- 
ential diaphragm  is  decreasing. 

Answer  the  statements  as  true  (T)  or  false  (F) , 

1,  During  the  isobar ic  range  cabin  pressure  is  at  a  constant  value, 

2,  Cabin  pressure  is  kept  constant  by  the  cycling  (opening  anci 
closing)  of  the  isobaric  metering  valve  and  the  outflow  valve, 

3,  While  in  the  isobaric  range,  "cabin  altitude"  is  equivalent  to 
the  atmospheric  pressure  at  one  altitude  but  the  aircraft  is 
usually  at  a  higher  altitude, 

4,  The  isobaric  range  is  between  the  point  where  pressurization 
begins  and  the  point  irfiere  the  differential  section  takes  over. 


1061 


ERIC 


31 


CORRECT  RESPONSES  TO  FRAME  22:     1.  J£_     2,     T       3,    T       4.    T  5. 

6,    T       7.  T 

CORRECT  RESPONSES  TO  FRAME  23:         J£_     2.  J£_     3.  4,  T 

Frame  24 

DIFFERENTIAL  RANGE 

1.  Aircraft  at  29,000  feet  -  When  the  plane  is  at  29,000  feet 
atmospheric  pressure  on  top  of  the  differential  diaphragm  is  down  to 
4.57  psia.     In  the  control  head  chamber  there  is  9.72  psia,  that  is  due 
to  cabin  air  bleeding  through  the  orifice.    The  isobaric  metering  valve 
can  not  come  off  seat  since  the  aneroid  has  expanded  due  to  its  pressure 
(10  psia)  being  greater  than  control  head  chamber  pressure  (9.72  psia). 
The  isobaric  section  is  now  ineffective  so  something  else  is  going  to 
have  to  control  cabin  pressure. 

2.  At  this  time,  the  differential  metering  valve  is  held  on  seat 
by  4,57  psia  atmospheric  pressure  plus  5  pounds  of  spring  tension.  That 
makes  a  total  of  9.57  psia.    Control  head  chamber  pressure  is  at  9.72 
psia,  so,  the  differential  diaphragm  is  pushed  up  and  pulls  the  differ- 
ential metering  valve  off  seat.    Air  in  the  control  head  can  vent 
through  the  metering  valve  to  the  atmosphere.    Cabin  pressure  will  push 
the  outflow  valve  off  seat  and  excessive  pressure  will  be  dumped.  When 
atmospheric  pressure  plus  spring  tension  is  greater  than  the  decreasing 
control  head  pressure  the  metering  valve  will  be  forced  on  seat  and  the 
cycle  starts  over.    With  the  differential  section  in  control,  cabin 
pressure  will  stay  at  5  psi  more  than  atmospheric  pressure  no  matter 
how  high  the  aircraft  goes. 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  The  differential  section  takes  over  control  of  pressurization  at 
the  point  where  the  isobaric  section  becomes  ineffective. 

2.  Atmospheric  pressure  plus  spring  tension  tries  to  hold  the 
differential  metering  valve  on  seat. 

3.  The  differential  metering  valve  is  forced  off  seat  when  control 
head  chamber  pressure  exceeds  atmospheric  pressure  by  5  psi. 

4.  The  differential  section  keeps  cabin  pressure  5  psi  greater 
than  atmospheric  pressure  regardless  of  aircraft  altitude. 
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CORRECT  RESPONSES  TO  FRAME  24: 
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Environmental  Pneudraulic  Branch  C3ABR42331-H0-315 
Chanute  AFB,  Illinois  1  Juiy  1982 

TROUBLESHOOTING  PNEUMATIC  CONTROL  CIRCUITS 

OBJECTIVE 

Specify  the  procedures  used  to  troubleshoot  pneumatic  control  circuits  with 
a  minimum  of  80Z  accuracy. 

INTRODUCTION 

A  very  important  part  of  being  an  Aircraft  Environmental  Systems  mechanic 
is  knowing  how  to  correctly  troubleshoot  the  systems  you  will  be  working  with 
on  the  aircraft*  The  following  information  will  give  a  brief  introduction  to 
the  procedures  that  are  used  to  troubleshoot  pneumatic  control  circui*^.  The 
troubleshooting  procedures  presented  in  this  handout  may  be  applied  to  almost 
all  aircraft  systems,  not  Just  pneumatic  control  circuits. 

I^hen  troubleshooting  pneumatic  control  circuits  or  any  system,  follow  the 
step-by-8tep  procedures  outlined  in  the  applicable  technical  order  (TO) 
(including  cautions,  warnings,  and  safety  notes)  to  insure  that  the  job  is  done 
correctly.    The  TO  usually  provides  a  troubleshooting  chart  (refer  to  figure  1) 
that  lists  the  trouble,  provides  a  list  of  most  probable  causes,  gives  the 
method  for  Isolating  the  trouble,  and  recommends  a  remedy  to  correct  the  trouble. 

Before  starting  the  troubleshooting  procedures,  it  is  important  for  the 
mechanic  to  read  the  flight  crew  write-ups  to  find  out  which  systems  on  the 
aircraft  are  malfunctioning.    Basically,  there  are  seven  different  procedures  to 
be  followed  during  troubleshooting.    They  are  as  follows: 

STEP  1:      Conduct  a  visual  Inspection  of  the  malfunctioning  system.  This 
inspection  should  be  a  thorough  and  searching  check  of  the 
components  of  the  system  Involved,  using  the  applicable  aircraft  TO. 

STEP  2:      Conduct  an  operational  check.    The  malfunctioning  system  is  checked 
for  proper  operation  by  following  the  step-by-step  procedures  in  the 
applicable  TO. 

STEP  3:      Classify  the  trouble.    Try  to  classify  the  trouble  as  being  electrical, 
mechanical,  or  Improper  maintenance. 

STEP  4:      Isolate  the  trouble.    This  step  calls  for  sound  reasoning  and  a 

knowledge  of  how  each  component  in  the  system  should  operate.  Use 
system  TOs  and  schematics  to  isolate  the  cause  of  the  malfunction 
to  one  or  two  areas  or  components. 

STEP  5:      Locate  the  trouble.    Once  the  trouble  is  isolated  to  a  specific  area 
or  component,  it  Is  fairly  easy  to  find  the  exact  cause  of  the 
malfunction. 
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STEP  6:     Correct  the  trouble •    After  the  problem  is  definitely  identified, 
the  component  is  removed  and  replaced  or  repaired  according  to 
the  instructions  in  the  TO. 

STEP  7:     Conduct  a  final  operational  check.    The  affected  sjf.tM  muac  be 

given  an  operational  check  after  repairs  to  verify  proper  operation. 
This  operational  check  is  again  performed  by  fol loving  the  utep-by- 
step  procedures  in  the  TO* 

While  troubleshooting  pneumatic  control  circuits,  it  is  very  important 
for  your  safety  and  the  safety  of  others  to  follow  the  special  instructions 
and  notes  that  are  in  the  TO. 
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Figure  1.    Typical  Pressurization  Troubleshooting  Chart. 
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OBJECTIVE 


Relate  the  components  of  cabin  pressurization  systems  to  their 
operations  with  80%  accuracy, 

INSTRUCTIONS 

This  package  presents  information  in  steps  called  "frames,"  After 
each  step  you  are  asked  to  choose  a  correct  response  by  matching  or 
telling  if  a  statement  is  true  (T)  from  a  list  of  statements.    Do  not 
mark  in  the  text.    Use  the  reference  sheet.    Read  each  frame  carefully 
and  then  select  your  answer.    The  correct  answers  will  be  found  on  the 
top  of  the  next  page.     If  you  are  right,  proceed  to  the  next  frame.  If 
you  are  wrong  or  in  doubt,  reid  the  frame  again. 


Supersedes  3ABR42331-PT-315A,  12  March  1981. 
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Frame  1 


The  main  reason  for  cabin  pressurization  is  to  make  the  air  crew 
comfortable,  while  the  aircraft  is  flying  at  high  altitudes.  The 
pressurization  system  is  used  to  keep  a  differential  pressure  between 
the  inside  and  outside  of  an  aircraft.    Most  fighter  aircraft  pressuri- 
zation systems  have  a  pneumatic  dump  valve,  a  cabin  pressure  safety 
valve,  a  cabin  pressure  regulator,  and  an  emergency  vent  handle. 

Select  the  phrases  that  will  complete  the  statement.  Indicate 
your  choice  as  true  (T)  or  false  (F), 

A  pressurization  system  provides  crew  comfort  by 

1.  keeping  a  differential  pressure  between  the  inside  and  the 
outside  of  an  aircraft. 

2.  keeping  a  constant  pressure  in  the  cabin  regardless  of 
altitude. 

3.  keeping  cabin  pressure  at  14.7  psia. 


CHECK  VALVe 


CONTftOt 


PNEUMATIC  DUMP  VALVE 


CABIN  PRESSURE 
SAFETY  VALVE 


Diagram  1, 


CABIN  PRESSURE 
REGULATOR 
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CORRECT  RESPONSES  TO  FRAME  1:  1,  T  2,  F  3._F 
Frame  2 


The  pressurization  system  is  used  to  keep  the  cabin  at  a  desired 
pressure,  when  the  aircraft  is  flying.  Pressure  in  ths  cabin  is  held 
in  the  proper  range  by  controlling  the  amount  of  conditioned  air  that 
leaves  the  pressurized  cabin. 

Select  the  phrases  that  will  complete  the  statement.  Indicate 
your  choice  as  true  (T)  or  false  (F) . 

A  pressurization  system  controls  the  amount  of 

1.  conditioned  air  flowing  into  the  cabin. 

2.  ram  air  entering  the  cabin. 

3.  ram  air  leaving  the  aircraft. 

4.  conditioned  air  leaving  the  cabin. 


CORRECT  RESPONSES  TO  FRAME  2:    1.     F         2.     F         3.  F 


'4.  T 


Frame  3 

Illustrated  is  a  cabin  pressure  regulator^    This  regulator  is  a 
fixed  (can  not  be  adjusted)  isobaric  sirgle  differential  (5.0  psid) 
type.    The  text  that  you  studied  before  this  text  gave  information 
on  this  type  of  regulator. 

This  regulator  has  an  unpressurized  range,  an  isobaric  range,  and 
a  differential  range  of  pressurization.    This  type  of  air  pressure 
regulator  is  used  on  some  fighter  aircraft* 


FILTER  AND  ORIFICE 


TO  DUMP  VALVE 


TO  ATMOSPHERIC  VENT 


N-437 

Diagram  2. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  fighter  aircraft  pressure  regulator  has  a  normal  and 
combat  differential  setting. 

2.  The  three  ranges  of  pressurization  are  unpressurized, 
isobaric,  and  differential. 

3.  The  fighter  aircraft  has  a  fixed  isobaric,  single  differential 
t3^e  of  pressure  regulator. 
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CORRECT  RESPONSES  TO  FRAME  3:    1.    F         2.    T         3.  T 


Frame  4 


The  illustration  shows  the  inside  of  the  regulator.    You  must  keep 
in  mind  the  isoabaric  section  is  used  to  control  the  first  two  ranges 
of  pressurization.    Also,  the  differential  section  is  used  to  control 
the  third  range*    The  third  range  will  keep  a  difference  of  5.0  psid 
between  cabin  pressure  and  atmospheric  pressure.    The  three  ranges 
are:    sea  level  to  8,000  feet  (unpressurized) ,  8,000  feet  to  24,000 
feet  (isobaric),  and  24,000  feet  on  up  (differential). 

This  type  of  cabin  air  pressure  regulator  has  the  outflow  valve 
attached  to  it  as  shown  in  the  illustration.  The  amount  of  air  that 
will  leave  the  pressurized  area  is  controlled  by  opening  and  closing 
the  outflow  valve. 


Diagram  3. 
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Frame  4  (continued) 

Match  the  letters  in  the  illustration  with  the  functions  listed 
below* 

1,  Keeps  cabin  unpressurized  between  sea  level  and  8,000  feet, 

2,  Keeps  a  5.0  psid  between  the  cabin  and  atmospheric  pressures • 

3.  Keeps  an  8,000  feet  cabin  altitude  pressure  between  aircraft 
altitudes  of  8,000  feet  and  24,000  feet. 

Answer  the  statements  true  (T)  or  false  (F) • 

4.  The  outflow  valve  is  attached  to  the  pressure  regulator* 

5,  The  outflow  valve  regulates  the  amount  of  air  entering  the 
pressurized  area, 

6.  The  outflow  valve  remains  closed  during  the  isobaric  range. 
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CORRECT  RESIOKSES  TO  FRAME  4:    1>    A         2>    B         3.    A         4^  T 


5,    F         6.  F 


Frame  5 

Look  at  the  diagram  as  we  go  through  the  operation  of  the  regulator. 
This  frame  will  give  operation  of  one  range  of  the  isobaric  section. 
Operation  of  the  unpressiirized  range  will  be  given  in  this  frame • 

The  aneroid,  shown  in  the  diagram,  is  a  sealed  unit  that  has  a  set 
(fixed)  pressure.    Cabin  pressure  goes  in  the  control  chamber  through 
the  filter  and  orifice  assembly.    At  this  point  pressure  starts  to 
build  up.    NOTE:    From  now  on  the  pressure  in  the  control  chamber  will 
be  called  "reference  pressure."    As  REFERENCE  PRESSURE  builds  up,  the 
aneroid  starts  to  collapse.    The  aneroid  collapses  because  reference 
pressure  on  the  outside  of  the  aneroid  is  more  than  the  presstire  on 
the  inside.    As  the  aneroid  collapses  it  opens  the  needle  valve.  With 
the  needle  valve  open,  air  can  flow  to  the  atmosphere  and  cause  a  drop 
in  reference  pressure.    The  drop  in  pressure  is  caused  by  the  rate  of 
air  flow  through  the  orifice  and  open  needle  valve.    The  needle  valve 
opening  is  larger  than  the  orifice  opening.    Cabin  pressure  will  now 
force  the  outflow  valve  open.    With  the  outflow  valve  open,  cabin  air 
will  vent  to  the  atmosphere.    The  aircraft  is  now  in  the  UNPRESSURIZED 
RANGE  (sea  level  to  8,000  feet). 


TO  ATMOSPHERE 


ATMOSPHERE  ' 

N-446 
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Diagram  4. 
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Frame  5  (continued) 
Answer  the  statements  as  true  (T)  or  false  (F). 
!•      The  aneroid  has  a  set  (fixed)  pressure. 

2.  The  aneroid  will  collapse  when  reference  pressure  is  greater 
than  aneroid  pressure. 

3.  Reference  pressure  cannot  vent  to  the  atmosphere  as  fast  as  it 
enters  the  control  chamber. 

4.  Cabin  pressure  will  open  the  outflow  valve  when  reference 
pressure  is  vented  to  the  atmosphere. 

5.  With  the  outflow  valve  always  open,  the  aircraft  is  in  the 
unpressurized  range. 
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CORRECT  RESPONSES  TO  FRAME  5:    1>    T         2.    T         3.    F         4.  T 


5,  T 

Frame  6 

In  Frame  5,  the  aircraft  was  in  the  unpressurized  range.    As  the 
aircraft  gains  in  altitude,  the  isobaric  range  will  start  to  operate. 

As  the  aircraft  reaches  and  goes  through  an  altitude  of  ^,000  feet, 
the  pressure  in  the  control  chamber  starts  to  drop.    This  drop  in  pressure 
is  caused  by  the  needle  valve,  for  it  is  off  seat  (see  Framt.  5).  As 
reference  pressure  drops,  the  aneroid  will  start  to  expand  and  cause  the 
needle  valve  to  close.    With  the  needle  valve  closed,  reference  pressure 
starts  to  build  up.    Reference  pressure  will  press  down  on  the  outflow 
valve  diaphragm.    This  pressure,  with  the  aid  of  the  spring,  will  close 
the  outflow  valve  (see  Frame  5).    With  the  outflow  valve  closed,  cabin 
air  will  not  continue  to  vent  overboard  to  the  atmosphere.    Now  pressure 
will  build  up  in  the  cabin  area.    The  isobaric  section  is  set  to  keep 
the  cabin  at  a  pressure  that  does  not  change.    The  pressure  is  set  to 
be  the  same  as  the  atmospheric  pressure  at  8,000  feet  of  altitude.  This 
reference  pressure  will  be  the  same  up  to  24,000  feet  of  altitude.  If 
reference  pressure  gets  too  high,  the  aneroid  starts  to  collapse.  As 
the  aneroid  collapses,  it  will  cause  the  needle  valve  to  open.  Air 
in  the  control  chamber  can  then  vent  to  the  atmosphere;  reference 
pressure  will  drop.    The  cabin  is  kept  at:  the  desired  pressure  by  the 
outflow  valve,  as  it  opens  and  closes.    The  pressurization  system  is 
now  operating  in  the  ISOBARIC  RANGE  (8,000  feet  to     ,,000  feet). 


TO  OUMPVf^LVE  TO  ATMOSf^ERE 


ATMOSPHERE 


Diagram  5. 
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Frame  6  (continued) 
Answer  the  statements  as  true  (T)  or  false  (F), 

1.  At  altitudes  over  8,000  feet  the  aneroid  will  begin  to  close 
the  needle  valve. 

2.  With  the  isobar ic  needJe  valve  closed,  reference  pressure 
will  vent  to  the  atmosphere. 

3.  As  reference  pressure  builds  up  it  will  force  the  outflow 
valve  closed, 

4.  When  the  outflow  valve  begins  to  close,  cabin  pressure  will 
begin  to  build  up. 

5.  If  a  certain  constant  isobaric  pressure  is  exceeded,  the 
aneroid  wir.l  begin  to  collapse  and  again  vent  reference  pressure  to 
the  atmosphere. 
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CORRECT  RESPONSES  TO  FRAME  6:    1.    T         2.    F         3.    T         4,  T 


Frame  7 


We  have  gone  through  operation  of  the  unpressurized  range  and  the 
isobaric  range.    Let  us  now  see  how  the  differential  range  works. 

Look  at  the  diagram;  you  will  note  that  on  one  side  of  the  differ- 
ential diaphragm  is  atmospheric  pressure.    On  the  other  side  of  the 
iiaphragm  is  reference  pressure.    The  differential  spring  is  set  so 
that  it  can  keep  a  5.0  psi  difference  in  pressure  batween  the  cabin  and 
atmosphere. 

As  the  aircraft  gains  in  altitude,  atmospheric  pressure  continues 
to  drop.    At  24,000  feet  atmospheric  pressure  is  5.70  psla.  This 
pressure  plus  the  5.0  paid  of  differential  spring  tension,  makes  a 
total  of  10.70  psia.    The  pressure  of  10.70  psia  is  the  pressure  that 
will  hold  the  differential  pressure  needle  valve  ON  SEAT.    When  in  the 
isobaric  range,  reference  pressure  was  kept  at  10.91  psia.    This  netting 
was  held  by  operation  of  the  aneroid.    At  this  time,  10.91  psia  is  more 
than  10.70  psia,  so  the  differential  diaphragm  is  forced  up.    The  dia- 
phragm pulls  the  differential  needle  valve  OFF  SEAT.    As  air  in  the 
control  chamber  vents  to  the  atmosphere,  through  the  differential  needle 
valve,  the  aneroid  will  'expand.    As  the  aneroid  expands,  it  will 
push  the  isobaric  needle  valve  ON  SEAT.    This  cuts  the  isobaric  section 
out  of  the  system.    Now  that  reference  pressure  has  dropped,  cabin 
pressure  will  build  and  push  the  outflow  valve  OFF  SEAT.    Air  in  the 
cabin  can  now  vent  to  the  atmosphere.    As  the  cabin  and  reference 
pressures  drop,  the  differential  spring  pulls  the  differential  needle 
valve  back  ON  SEAT.    This  will  start  the  whole  process  again.    This  is 
how  the  regulator  works  in  the  DIFFERENTIAL  RANGE  (24,000  feet  on  up). 


Frame  7  (continued) 


FILTER  AND 
ORIFICE 


TO  DUMP  VALVE 


TO  ATMOSPHERF 


CABIN 


PRESSURE.  4 


ATMOSPHERE 
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Diagram  6. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  differential  section  of  the  pressure  regulator  stops 
operating  above  24,000  feet. 

2.  Above  24,000  feet  the  isobaric  needle  valve  will  be  fully  closed. 

3.  The  differential  diaphragm  has  atmospheric  pressure  on  one  side 
and  reference  pressure  on  the  other  side. 

4.  If  reference  pressure  reaches  5.2  psia  greater  than  atmospheric 
pressure,  the  differential  needle  valve  will  open. 


5.      If  reference  pressure  decreases,  the  outflow  valve  will  open. 
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CORRECT  RESPONSES  TO  FRAME  7:    1>    F         2.    T         3.    T         4,  T 

5.  T 

Frame  8 

Using  the  diagram,  identify  the  parts  of  the  regulator, 

1.  Outflow  valve. 

2.  Isobaric  section. 

3.  Differential  section. 


Diagram  7. 
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CORRECT  RESPONSES  TO  FRAME  8:    1.    C         2,    B         3,  A 

Frame  9 

REVIEW  QUIZ 

Answer  the  statements  as  true  (T)  or  false  (F). 

!•      A  pressurization  system  provides  crew  comfort  by  keeping  a 
predetermined  differential  pressure  In  the  cabin. 

2.  A  pressurization  system  controls  the  amount  of  air  leaving 
the  aircraft  cabin. 

3.  The  cabin  pressure  regulator  used  on  a  fighter  aircraft  Is  a 
fixed  Isobarlc,  dual  differential  regulator. 

4.  The  cabin  pressure  regulator  provides  three  ranges  of 
pressurization . 

5.  The  unpressurized  range  is  from  sea  level  to  8,000  feet. 

6.  The  differential  range  is  from  8,000  feet  to  24,000  feet, 

7.  The  outflov;  valve  is  attached  to  the  cabin  pressure  regulator, 

8.  The  isobarlc  range  is  from  8,000  feet  to  24,000  feet. 

9.  Cabin  pressure  will  open  the  outflow  valve  when  reference 
pressure  is  vented  to  the  atmosphere. 

10.  An  aneroid  controls  the  isobarlc  section  of  the  pressure 
regulator, 

11.  The  differential  diaphragm  controls  the  differential  section 
of  the  pressure  regulator. 

12.  The  differential  range  keeps  a  6  psld  between  cabin  pressure 
and  atmospheric  pressure. 
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CORRECT  RESPONSES  TO  FRAME  9:    1.    T         2.    T         3.  F 

5.    T         6.    F         7.  T 


9.    T       10.    T       11.  T 


Frame  10 

Now  you  know  how  the  cabin  air  pressure  regulator  works.    Let  us  see 
what  would  taks  place  if  it  did  not  work.    What  would  keep  cabin  pressure 
from  becoming  so  high  that  the  windshield  might  be  popped  out,  or  the 
canopy  might  be.  blown  off?    You  are  right  —  a  safety  valve  is  needed. 
On  some  aircraft  this  valve  is  called  the  cabin  pressure  safety  valve. 

The  safety  valve,  as  you  can  see  in  the  diagram,  looks  a  lot  like  an 
outflow  valve.    The  safety  valve  is  put  on  the  aircraft  in  the  same  way 
as  the  outflow  valve. 


A.  T 
8.  T 
12.  F 


TO  DUMP  VALVE 
CONNECTION 


FILTER  AND  ORIFICE 


TO  ATMOSPHERE 


SAFETY 

VALVE 

DIAPHRAGM 


J  L. 


N-442 


Diagram  8* 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  safety  valve  relieves  cabin  pressure  if  the  regulator 
should  fail. 

2.  The  safety  valve  is  mounted  on  the  aircraft  in  the  same  way 
that  an  outflow  valve  is  mounted. 

3.  The  safety  valve  is  attached  directly  to  the  cabin  pressure 
regulator. 
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CORRECT  RESPONSES  TO  FRAME  10:    1.    T_     2.    T          3.  F 


Frame  11 

The  cabin  pressure  safety  valve  can  do  these  three  functions: 
(1)  The  valve  will  dump  cabin  pressure  at  5,25  psid,  if  the  regulator 
failed  to  work,     (2)  It  does  not  allow  a  negative  cabin  pressure 
(vacuum) .    Negative  pressure  is  when  atmospheric  pressure  is  more  than 
cabin  pressure.     (3)  It  helps  to  dump  pressure  when  the  cabin  needs 
to  be  depressurized  fast. 

Cabin  air  flows  into  the  safety  valve  through  the  filter  and  orifice 
assembly.    Once  cabin  air  is  in  the  valve,  the  air  is  called  REFERENCE 
PRESSURE.    This  reference  pressure  will  build  up  and  push  down  on  the 
safety  valve  diaphragm  and  up  on  the  safety  relief  diaphragm.    Air  tries 
to  flow  through  the  top  passageway,  on  the  right  side,  but  is  blocked 
by  the  needle  valve  that  is  now  ON  SEAT. 


Diagram  9. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  cabin  pressure  safety  valve  performs  three  functions. 

2.  Cabin  pressure  and  reference  pressure  will  be  at  the  same  value. 

3.  The  needle  valve  is  held  ON  SEAT  by  spring  tension. 

4.  Cabin  air  flowing  into  the  safety  valve  is  not  restricted. 
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CORRECT  RESPONSES  TO  FRAME  11:    1.    T         2,_T         3.    T         4,  F 


Frame  12 

Let  us  see  what  happens  if  the  cabin  pressure  regulator  fails. 
Keep  Jn  mind,  atmospheric  pressure  will  press  down  on  the  top  side  of 
the  safety  relief  diaphragm*    Reference  pressure  will  push  up  on  the 
back  side  of  the  diaphragm.    When  the  differential  section  fails  to 
ease  cabin  pressure  at  5,0  psid,  reference  pressure  in  the  saifety  valve 
builds  up  until  it  gets  to  5*25  psid.    At  this  time  the  safety  relief 
diaphragm  is  pushed  up*    It  In  turn  will  push  needle  valve  up  and  OFF 
SEAT*    Now  air  can  flow  through  the  top  passageway*    Air  flow  is  past 
the  needle  valve  and  out  the  atmospheric  vent  line*    When  reference 
pressure  in  the  safety  valve  has  eased,  cabin  pressure  will  push  up  on 
the  safety  diaphragm.    Cabin  pressure  will  OFF  SEAT  the  outflow  valve. 
This  will  allow  the  high  cabin  pressure  to  be  eased  through  the  outflow 
valve  to  the  atmosphere*    The  safety  valve  will  be  fully  open  at  5*5 
psid* 


(TO  DUMP 
FILTER       VALVE)   (TO  ATMOS) 


Diagram  10* 

iuiswer  the  statemants  as  true  (T)  or  false  (F)* 

1.  The  needle  valve  is  pushed  OFF  SEAT  when  the  safety  relief 
diaphragm  moves  up. 

2.  Cabin  pressure  pushes  the  safety  valve  diaphragm  up,  lifting 
the  outflow  valve  OFF  SEAT. 
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CORRECT  RESPONSES  TO  FRAME  12:     1.  T 


2.  T 


Frame  13 

An  aircraft  is  made  to  take  only  the  stress  force  that  moves  out. 
If  there  was  a  case  that  would  cause  a  stress  force  to  move  in,  the 
aircraft  could  be  crushed  and  the  flight  crew  hurt.    This  could  be 
the  case  when  the  pilot  puts  the  aircraft  in  a  fast  dive.    When  in  a 
dive  atmospheric  pressure  on  the  outside  of  the  aircraft  is  more  than 
cabin  pressure  inside.    This  tends  to  cause  a  negative  pressure  (or 
vacuum)  in  the  cabin.    The  stress  force  will  then  work  inward.  When 
this  is  the  case  the  cabin  pressure  safety  valve  does  the  second  job. 
Atmospheric  pressure  (which  is  now  more  than  cabin  pressure)  will  push 
the  safety  diaphragm  up.    Ihis  will  lift  the  outflow  valve  OFF  SEAT. 
Now  air  from  the  atmosphere  can  flow  in  and  build  cabin  pressure  up  to 
the  right  value.    With  the  Inside  and  outside  pressures  now  in  balance, 
the  aircraft  will  not  be  damaged. 


TO  DUMP  VALVE 


Diagram  11. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  safety  valve  prevents  a  negative  pressure  in  the  cabin. 

2.  Under  negative  pressure  conditions  the  needle  valve  is  OFF  SMT. 

3.  When  the  outflow  valve  is  pushed  OFF  SEAT  the  atmospheric  and 
cabin  pressures  will  equalize. 

4.  When  the  aircraft  is  in  a  rapid  dive  the  atmospheric  pressure 
will  increase  faster  than  cabin  pressure. 
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CORRECT  RESPONSES  TO  FRAME  13:    1.    T         2.    F         3,    T         4.  T 


Frame  14 

Another  function  of  the  cabin  pressure  safety  valve  is  to  help  dump 
cabin  pressure  yAien  it  needs  to  be  dumped.    You  are  now  wondering,  how 
does  the  valve  help  and  when  would  the  cabin  need  to  be  depressurized? 
First,  the  safety  valve  helps  the  cabin  pressure  regulator  to  dump  cabin 
pressure.    Second,  if  the  cabin  is  filled  with  smoke  or  fuel  fumes  it 
will  need  to  be  depressurized.    If  this  happens  the  cabin  must  be  quickly 
vented  to  the  atmosphere.    A  supply  of  ram  air  is  used  to  force  the  smoke 
or  fumes  overboard. 

The  whole  depressurization  phase  starts  when  the  pilot  pulls  the 
emergency  vent  control  knob.    The  knob  is  on  the  control  panel.  When 
the  knob  is  pulled,  it  mechanically  positions  the  dump  valve.    The  dump 
valve  is  shown  in  the  schematic. 


Diagram  12. 
NO  RESPONSE  REQUIRED, 


ERLC 
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CORRECT  RESPONSES  TO  FRAME  14:    None  Required  • 


Frame  15 

Let  us  see  what  happens  when  the  pilot  pulls  the  emergency  vent 
knob.    (1)    The  cam  and  ram  air  butterfly  valve  turns  in  a  clockwise 
direction.    One  end  of  the  cam  will  push  the  valve  up  and  OFF  SEAT. 
NOTE:    Just  the  butterfly  is  inside  the  ram  air  duct.    The  cam  and 
lever  are  located  on  the  outside  of  the  duct*    The  cam  and  lever  are 
on  the  same  shaft.     (2)    Reference  pressure  from  both  the  safety  valve 
and  the  cabin  pressure  regulator  is  dumped  overboard  past  the  valve. 
(3)    Cabin  pressure  can  now  push  both  outflow  valves  OFF  SR\T.  Cabin 
pressure  is  then  dumped  overboard.    (4)    The  other  end  of  the  cam  will 
touch  and  open  the  microswitch.    This  switch  deenergizes  the  bleed  air 
regulator  and  shutoff  valve  assembly  (one  valve) ,  and  this  valve  then 
closes.    The  flow  of  air  that  is  used  to  drive  the  air  conditioning 
system  stops.    This  stops  the  flow  of  conditioned  air  to  the  cabin. 
(5)    At  the  same  time  that  the  cam  moved,  the  butterfly  turned  clockwise 
to  the  full  open  position.     (6)    Ram  air  can  now  flow  into  the  cabin. 
Ram  air  flows  out  through  the  two  outflow  valves »  carrying  any  smoke  or 
fumes  out  with  it. 


Diagram  13. 
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Frame  15  (continued) 

Below  is  a  list  of  events  that  occur  during  emergency  depressuriza- 
tion  of  the  cabin*    Number  the  events  according  to  the  order  in  which 
they  take  place* 

A.  Reference  pressures  are  vented  to  the  atmosphere,  the  air 
conditioning  system  stops,  and  ram  air  rushes  into  the  cabin. 

B.  The  pilot  pulls  the  emergency  vent  control  knob. 

C.  The  outflow  valves  open  and  dump  cabin  pressure. 

D.  The  valve  is  pushed  off  seat  and  the  microswitch  is  opened. 

E.  Ram  air  flows  through  the  cabin  and  out  through  the  outflow 
valves  carrying  smoke  and/or  fumes  out  with  it. 

F.  The  cam  and  butterfly  valve  rotate  in  a  clockwise  direction. 
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CORRECT  RESPONSES  TO  FRAME  15:  A._4 

E.  6 


B>    1         C.    5         D>  3 

2 


Frame  16 

Just  one  item  to  go  and  you  will  be  done.    Look  at  the  schematic 
and  find  the  check  valve.    Note,  it  is  in  the  line  that  connects  the 
control  chambers  of  the  three  valves    The  line  has  to  be  there  to 
allow  reference  pressure  in  the  regulator  to  drop,  when  the  dump  valve 
is  opened.    What  does  the  check  valve  do?    Look  at  the  regulator.  Do 
you  know  what  the  orifice  does?    The  edifice  keeps  the  flow  of  cabin  air 
from  entering  the  control  chamber  faster  than  the  needle  valve  can  relieve 
it.    Right?    If  there  was  no  check  valve,  reference  air  (pressurized) 
from  the  safety  valve  could  flow  into  the  regulator  and  mix  with  the  air 
that  flows  through  the  orifice.    This  volume  of  air  would  be  more  than 
the  needle  valve  could  handle.    Result:    The  regulator  outflow  valve 
would  be  held  ON  SEAT  all  of  the  time.    The  regulator  could  not  properly 
control  cabin  pressure. 


CNCCK  VAUVe 


otmnciiTtAL 

CONTROt 


N-449 


Diagram  14. 


NO  RESPONSE  REQUIRED. 
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Frame  17 


Answer  the  following  statements  as  true  (T)  or  false  (F) • 

1.  The  purpose  of  a  pressurization  system  is  to  keep  a  pre- 
determined pressure  in  the  aircraft  cabin.  This  pressure  provides 
crew  comfort  and  safety. 

2.  The  pressurization  system  controls  the  amount  of  conditioned 
air  entering  the  cabin. 

3.  The  pressurization  system  used  on  a  fighter  aircraft  is  a 
fixed  isobaric,  dual  differential  system. 

4.  One  function  of  the  isobaric  section  is  to  prevent  the  cabin 
from  being  pressurized  between  sea  level  and  about  8,000  feet. 

5.  The  three  functions  of  the  cabin  air  safety  valve  are  (1)  help 
dump  cabin  pressure,  (2)  relieve  excessive  cabin  pressure  if  the  regulator 
fails,  (3)  prevent  a  negative  cabin  pressure. 

6.  The  emergency  vent  knob  is  pulled  to  start  the  safety  valve. 

7*      The  check  valve  installed  in  the  pressurization  system  prevents 
regulator  reference  pressure  from  escaping  to  the  safety  valve. 

8.  The  differential  section  of  the  regulator  maintains  a  5.0  psid 
between  the  cabin  and  atmosphere  above  24,000. 

9.  The  isobaric  section  of  the  regulator  maintains  an  8,000  ft. 
cabin  altitude  pressure  at  aircraft  altitudes  between  8,000  and  24,000 
feet. 

10.  The  negative  pressure  relief  function  of  the  safety  valve 
operates  when  atmospheric  pressure  is  less  than  reference  pressure. 

11.  One  outflow  valve  is  attached  directly  to  the  pressure  regulator. 
12 ♦      Both  outflow  valves  open  during  emergency  cabin  depressurization. 

13.  The  cabin  pressure  safety  valve  is  a  two  function  valve. 

14.  The  excessive  pressure  relief  section  of  the  safety  valve  will 
be  fully  open  at  5.5  psid. 

15.  When  the  pneumatic  dump  valve  is  operated,  reference  pressure 
is  vented  from  the  safety  valve  to  the  atmosphere  and  the  safety  valve 
helps  dump  cabin  pressure. 
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CORRECT  RESPONSES  TO  FRAME  17: 
1.  T 


3.  F 

A.  T 

5.  T 

6.  F 

7.  F 

8.  T 

9.  T 

10.  F 

11.  T  "'t-:  . 

12.  T 

13.  F 


15.  T 
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OBJECTIVES 


1.  Relate  the  terms  cssociated  with  the  operation  of  the  cabin 
pressurization  system  with  80%  accuracy* 

2.  Relate  the  components  of  the  cabin  pressurization  system  to 
their  operations  with  80%  accuracy. 

INSTRUCTIONS 

This  program  is  presented  in  small  steps  called  "fr^imes/'  After 
each  frame  you  are  asked  to  identify  the  correct  statements.  You 
are  also  asked  to  match  some  statements.    The  correct  answers  can  be 
found  at  the  top  of  the  page  after  each  frame.    If  your  answer  is 
correct,  proceed  to  the  next  frame.    If  your  answer  is  wrong,  go  back 
and  reread  the  material  before  going  to  the  next  frame. 


Supersedes  3ABR42331-PT-315B,  25  November  1980. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 
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Frame  1 

The  schematic  is  of  a  B-52  pressurization  systert.    Starting  at 
the  upper  left  of  the  schematic,  the  parts  are: 

Pressure  release  switch. 

Master  pressurization  switch* 

Pressure  regulator. 

Dump  control  valve. 

Emergepcy  release  handle. 

Pneumatic  relay. 

Safety  outflow  valve. 

Normal  outflow  valve. 

Study  the  schematic  to  become  familiar  with  the  parts  before 
continuing. 


MASTER  fRISSURIZATION 
SWITCH 


1  OUAl  OlffEICNTlAl  ^RESSOftE  REOUIATOR/ 
\ 


VENT  TO 
ATMOSPHfRE 


EMERGENCY  RELEASE  HANDLE 


VENT  TO 
ATMOSfHERE 


VENT  TO 
ATMOSPHERE 


N.426 
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NO  RESPONSE  REQUIRED 
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Frame  2 


The  first  part  we  will  discuss  is  the  pressure  regulator.    It  is 
made  up  of  an  isobaric  section,  two  differential  sections,  a  change- 
over solenoid,  a  three-way  ground  test  valve,  and  a  rate  control 
section. 

The  isobaric  section  works  just  like  the  ones  you  have  learned. 
We  will  not  discuss  this  one  In  detail* 

The  low  differential  is  for  use  when  the  plane  is  in  a  combat 
zone.    The  lower  the  differential  pressure  the  slower  the  decom- 
pression rate  if  any  enemy  bullet  rips  through  the  cabin  area. 

The  high  differential  is  used  when  the  plane  is  out  of  a  combat 
zone.    Note  the  pressure  settings  for  each  of  the  differential  sections. 


HIGH  DIFFERENTIAL 


N-429 

Dual  Differential  Pressure  Regulator. 
Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  low  differential  will  be  used  in  a  combat  zone. 

2.  The  isobaric  section  works  just  like  the  one  in  the  F-4C 
cabin  pressure  regulator. 

3.  The  high  differential  will  be  used  when  tae  plane  is  in  a 
combat  zone. 

4.  The  change-over  solenoid  is  part  of  the  low  differential 
section. 
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Correct  Responses  to  Frame  2:    1>    T        2.    T        3.    F        4.  T 


Frame  3 

The  change-over  solenoid  Is  In  the  open  position »  when  the  pilot 
sets  the  master  pressurlzatlon  switch  to  the  4.50  (low  differential) 
psld  position.    The  plunger  moves  to  the  right,  opening  the  differential 
to  atmosphere.    In  all  other  switch  positions  the  soleno-^.d  Is  deen- 
erglzed,  and  will  close  the  atmospheric  vent  line.    This  will  keep  the 
low  differential  from  relieving  pressure.    The  low  differential  will 
open  the  needle  valve  at  4.50  psld,  but  nothing  will  happen  since  the 
deenerglzed  solenoid  has  the  vent  line  closed  and  head  pressure  can  not 
be  dtmped. 

The  sole  job  of  the  three-way  ground  test  valve  Is  to  ground  test 
the  cabin  pressurlzatlon  system.    Look  at  the  schematic  as  we  discuss 
the  valve.    The  valve  has  three  positions  which  are: 

1.  FLIGHT  POSITION  -  In  this  position  the  Isobarlc,  rate  con- 
trol, and  high  differential  sections  are  all  connected  to  the  atmospheric 
vent  line.    The  regulator  can  now  operate.    The  three-way  valve  is  safety 
wired  to  the  flight  posit lo:i. 

2.  TEST  ONLY-DIFFEPHNTIAL  ON  POSITION  -  Think  of  the  valve  as 
if  it  had  been  moved  1/4  turn  clockwise.    This  shuts  off  the  rate 
control  and  Isobarlc  jectlons.    When  pressure  is  pumped  to  the  regu- 
lator, the  rate  control  and  Isobarlc  sections  do  not  work  for  the 
vent  to  the  atmosphere  is  blocked.    Head  pressure  will  continue  to 
build  up.    If  the  change-over  solenoid  is  energized,  head  pressure 
will  be  relieved  at  4.50  psld  through  the  low  differential.    If  the 
solenoid  is  deenerglzed,  head  pressure  will  climb  to  7.45  psld  since 
the  low  differential  will  not  now  work.    Keep  In  mind  7.45  psld  is 
the  high  differential  setting.    With  the  three-way  valve  to  the 
TEST  ONLY-DIFFERENTIAL  ON  position  we  can  ground  test  both  differ- 
ential sections  for  proper  operation. 

3.  TEST  ONLY-ALL  OFF  POSITION  -  Think  of  the  three-way  valve 
as  if  it  had  been  moved  1/2  turn  clockwise  from  the  position  shown. 
With  the  change-over  solenoid  deenerglzed,  all  vent  lines  are  blocked 
and  the  regulator  can  not  control  cabin  pressure.    This  tests  opera- 
tion of  the  outflow  valves  (see  frame  1)  as  safety  valves.    We  will 
have  more  on  the  outflow  valves  later. 
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Frame  3  (ContM) 
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Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  change-over  solenoid  is  energized  closed. 

2.  The  three-way  ground  test  valve  is  used  to  ground  test  the 
cabin  pressurization  system. 

3.  When  the  three-way  valve  is  in  the  flight  position,  the 
isobaric  section  can  not  work. 

4.  When  the  three-way  valve  is  in  the  test  only,  differential 
on  position,  head  pressure  will  be  relieved  by  one  of  the  differential 
sections. 

5.  If  the  change-over  solenoid  is  closed,  the  low  differential 
will  still  work  but  its  operation  will  be  ineffective. 

6.  The  setting  of  the  high  differential  section  is  7. 45  psid. 

7.  If  the  three-way  valve  is  in  the  test  only,  all  oft  position 
and  the  change-over  solenoid  is  deenergized,  the  regulator  will  not 
work. 

8.  The  three-way  valve  is  normally  safetywired  to  the  test 
only,  differential  on  position. 

9.  The  setting  of  the  low  differential  section  is  4.50  psid. 

10.      When  the  low  differential  needle  valve  is  off  seat,  head 
pressure  is  vented  to  the  atmosphere  through  the  three-way  valve. 
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Correct  Responses  to  Frame  3:    1. F 


2.  T 


3>    F  T 


5._T         6>    T         7,    T         8,  F 


9>    T       10,  F 


Frame  4 

The  rate  control  section  protects  the  flight  crew  from  too  fast 
a  rise  in  pressure.  The  section  keeps  the  buildup  of  cabin  pressure 
to  1  psid  per  minute •    Here  is  when  and  how  it  works. 

Suppose  the  master  pressurization  switch  is  in  the  4.50  psid 
position.    The  pilot  decides  to  change  the  switch  to  the  7.45  psid 
position.    The  change-over  solenoid  will  close.    The  low  differential, 
that  has  been  controlling  cabin  pressure,  stops.    Cabin  and  head 
pressures  tend  to  jump  to  7.45  psid,  the  high  differential  setting. 
It  does  not  sound  like  much,  but  a  fast  rise  in  pressure  of  3  psid 
could  burst  ear  drums  or  damage  the  plane.    Look  at  the  schematic  to 
see  how  this  is  prevented  by  the  rate  control  section. 

Notice  that  as  head  pressure  increases  air  is  free  to  flow  to 
the  bottom  of  the  rate  control  section.    On  top,  head  pressure  is 
restricted  by  the  adjustable  orifice.    Since  head  pressure  can  build 
up  much  faster  on  the  bottom  than  on  the  top,  the  rate  control  section 
diaphragm  moves  up.    The  needle  valve  is  pulled  off  seat  to  vent  part 
of  the  head  pressure  to  the  atmosphere.    When  head  pressure  on  top 
of  the  control  diaphragm  does  catch  up,  it,  plus  spring  tension, 
moves  the  needle  valve  back  on  seat.    This  process  continues  tintil 
the  high  differential  setting  is  reached.    During  the  process,  cabin 
pressure  is  held  to  a  1  psid  increase  per  minute. 


RATE  OF  CHANGE  CONTROL  SECTION 

CONTROL  SECTION        ORIFICE  ADJUSTMENT 


THREE  WAY  GROUND 
TEST  VALVE  (FLIGHT  POS) 
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Frame  4  (Cont'd) 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.      The  rate  of  change  control  section  holds  cabin  pressiire 
buildup  to  1  psid  per  minute. 

2*     A  too  fast  an  Increase  in  cabin  pressure  could  injure  the 
flight  crew. 

3.  Head  pressure  builds  up  faster  in  the  top  of  the  control 
section  than  it  does  in  the  bottom. 

4.  If  cabin  pressure  increases  faster  than  1  psid  per  minute, 
it  may  be  because  the  adjustable  orifice  is  opened  too  far. 

5.  Cabin  pressure  tends  to  climb  fust  when  the  pilot  changes 
the  master  pressurizatlc.   switch  from  4.50  psid  to  7.45  psid. 


Correct  Responses  to  Frame  A:    1. T 


2.    T_     3.    F        A,  T 


5.  T 


Frame  5 


The  crew  compartment  is  too  large  for  one  outflow  valve  to  take 
care  of  the  great  volume  of  air  to  be  relieved.    Therefore,  the  B-52 
aircraft  has  two  outflow  valves.    The  difference  between  the  two  is 
that  the  normal  or  regulator  outflow  valve  has  three  lines  connecting 
to  it.    The  safety  outflow  valve  just  has  two.    Both  valves  open  to 
relieve  high  cabin  pressure.    They  also  relieve  negative  pressure  at 
0.36  psid. 


MASTEK  PRESSURIZATION 
SWITCH 


1  OUAl  DIFFEfcENTjAL^KESSOKE  KjOUtATOK jgr^ 


0 


VENT  TO 
ATMOSPHERE 


TO 

ATMOSPHERE 


0 


EMERGENCY  RELEASE  HANDLE 


VENT  TO 
ATMOSPHERE 


VENT  TO 
ATMOSPHERE 


NO  RESPONSE  REQUIRED 
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Frame  6 


In  each  of  the  outflow  valves  there  is  a  safety  relief  section. 
Here  is  how  it  works.    Suppose  the  pressure  regulator  failed  to  hold 
cabin  pressure  to  7.45  psid  (high  differential  setting).    When  cabin 
and  head  pressures  reach  8«1  psid  the  safety  relief  valves  are  pushed 
up  and  off  seat.    Head  pressure  can  then  vent  to  the  atmosphere. 
Cabin  pressure »  which  is  now  more  than  head  pressure,  will  push  the 
diaphragms  up,  open  the  outflow  valves,  and  vent  to  the  atmosphere. 


TO 

PRESSURE 
REGULATOR 


TO 
DUMP 
VALVE 


TO 

PNEUMATIC 
RELAY 


SAFETY 

OUTFLOW  VALVE 


VENT  TO 
ATMOSPHERE 


VENT  TO 
ATMOSPHERE 
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Answer  the  statements  as  true  (T)  or  false  (F) .  " 

1.  Each  outflow  valve  contains  a  safety  relief  section. 

2.  Both  outflow  valves  operate  to  relieve  negative  and  cabin 
pressures. 

3.  Two  outflow  valves  are  used  because  of  the  size  of  the  crew 
compartment • 

4.  Cabin  pressure  pushes  the  outflow  valves  off  seat  when  the 
head  pressure  has  been  vented  to  the  atmosphere. 

5.  The  two  outflow  valves  are  identical  in  construction  and 
operation. 
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Correct  Responses  to  Frame  6:    !♦    T        2*    T        3.    T        4.  T 


5.  T 


Frame  7 


Look  at  the  schematic  In  frame  5  and  find  the  pneximatic  relay. 
As  you  can  see,  this  part  is  between  the  safety  valve  and  pressure 
regulator.    In  the  relay  (see  diagram)  there  Is  a  diaphragm  separating 
the  top  and  bottom  halves.    On  top  of  the  diaphragm  Is  a  needle  valve. 
It  is  held  closed  by  the  spring  that  pushes  up  on  the  bottom  of  the 
diaphragm.    Cabin  pressure  is  on  both  sides  of  the  diaphragm.  Pressure 
goes  in  the  bottom  half  through  the  line  that  is  connected  to  the 
regulator.    Pressure  goes  In  the  top  half  through  the  cabin  pressure 
vent  port.    Keep  in  mind  the  relay  is  placed  inside  the  pressurized 
crew  compartment. 


TO  SAFETY 
OUTFLOW 
VALVE 


CABIN  PRESSURE  ATMoS'HERE 
VENT  PORT 


TO  PRESSURE 
^REGULATOR 


NEEDLE 
VALVE 
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.\nswer  the  statements  as  true  (T)  or  false  (F). 

1.  The  relay  is  placed  between  tha  safety  outflow  valve  and 
the  pressure  regulator. 

2.  The  needle  valve  is  held  off  seat  by  spring  tension. 

3.  Cabin  pressure  acts  on  both  sides  of  the  diaphragm. 

4.  The  relay  is  placed  Inside  the  cabin.    Therefore,  cabin 
pressure  goes  in  the  top  of  the  relay  through  the  cabin  pressure  vent 
port. 

5.  Cabin  pressure  in  the  bottom  of  the  relay  has  to  pass  through 
the  pressure  regulator. 
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Correct  Responses  to  Frame  7:    !♦    T         2>    F        3._T_     4.  T 


5. 


T 


Frame  8 


The  job  of  the  pneumatic  relay  is  to  make  sure  that  the  safety 
outflow  valve  operates  fast.    That  does  not  tell  you  much  but  here 
is  what  it  means* 

You  can  not  tell  by  looking  at  the  schematic  in  frame  5,  but  the 
safety  valve  (In  the  lower  crew  compartment)  and  the  pressure  regu- 
lator are  a  long  way  from  each  other •    The  normal  outflow  valve  is 
close  to  the  regulator  in  the  upper  crew  compartment.    Keep  in  mind, 
the  B~52  is  a  big  aircraft.    If  there  was  no  relay,  the  safety  valve 
head  pressure  would  have  to  vent  through  the  regulator,  just  like 
the  head  pressure  from  the  other  outflow  valve.    By  the  time  safety 
head  pressure  reached  the  regulator,  the  other  outflow  valve  would 
have  opened.    Keep  in  mind,  one  outflow  va?.ve  can  not  take  care  of 
the  great  volume  of  air  to  be  relieved.    The  pneumatic  relay  makes 
sure  that  both  outflow  valves  operate  at  the  same  time.    The  valve 
is  the  same  distance  from  the  regulator  as  the  normal  outflow  valve. 
When  the  regulator  kicks  open  (isobaric  or  differential  operation) 
pressure  is  dumped  from  the  bottom  side  of  the  pneumatic  relay. 
The  pressure  in  the  top  side  of  the  relay  can  then  push  the  dia- 
phragm down.    This  will  open  the  relay  needle  valve.    Head  pressure 
from  the  safety  outflow  valve  can  now  vent  past  the  relay  needle 
valve  to  the  atmosphere.    The  safety  outflow  valve  opens  and  helps 
relieve  cabin  pressure.    Safety  reference  pressure  does  not  go  back 
to  the  regulator  to  be  vented,  it  vents  through  the  relay  valve. 
This  lets  the  safety  outflow  valve  operate  quicker. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  safety  outflow  valve  is  placed  close  to  the  regulator. 

2.  Safety  outflow  valve  reference  pressure  will  vent  through 
the  regulator. 

3.  Head  pressure  gets  into  the  safety  outflow  valve  from  the 
top  of  the  pneumatic  relay. 

4.  The  pneumatic  relay  is  placed  about  half  way  between  the 
two  outflow  valves. 

5.  The  safety  outflow  valve  is  placed  in  the  ''ower  crew  com- 
partment while  the  normal  outflow  valve  and  the  pressure  regulator 
are  placed  in  the  upper  crew  compartment. 
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Correct  Responses  to  Frame  8:    !♦    F        2.    F        3«    T        4.  F 

5.  T 


Frame  9 


The  dump  valve  can  be  operated  electrically  or  manually.  The 
valve  job  is  to  help  dump  cabin  pressure  in  an  emergency  situation. 

When  the  pilot  puts  the  pressure  release  switch  to  the  dump 
position,  the  dump  valve  is  energized  and  the  solenoid  lifts  the  spool 
off  seat.    This  dumps  head  pressure  from  the  normal  outflow  valve. 
At  the  same  time,  pressure  is  dumped  from  the  bottom  side  of  the 
pneumatic  relay  through  the  normal  outflow  valve.    Then  through  the 
dump  valve.    This  will  cause  the  relay  needle  valve  to  open  and  dump 
safety  outflow  valve  head  pressure.    Both  outflow  valves  open  and 
cabin  pressure  is  dumped  to  the  atmosphere.    All  of  this  takes  place 
in  just  a  few  seconds.    The  emergency  release  handle  is  used  by  the 
pilot  in  case  electrical  power  fails  to  open  the  dmvp  valve. 


MASTEX  ^RESSUKIZATtON 
SWITCH 


it 


1  DUAL  DIFFEKENTIAl  MESSUHE  *  iULATOt/ 


VENT  TO 
ATMOSPHERE 


VENT  TO 
ATMOSPHERE 


VENT  TO 
ATMOSPHERE 


N.427 


ERLC 
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Frame  9  (Cont'd) 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  The  dump  valve  can  be  operated  manually. 

2.  The  job  of  the  dump  valve  is  to  help  dump  cabin  pressure 
in  an  emergency  situation. 

3.  The  dump  valve  is  normally  operated  electrically. 

4.  The  pilot  opens  the  dump  valve  by  positioning  the  master 
pressurization  switch. 

5.  The  solenoid  is  deenergized  to  open  the  dcmp  valve. 

6.  Head  pressure  from  both  outflow  valves  will  vent  through 
the  dump  valve. 


ERLC 
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Correct  Responses  to  Frame  9:    !♦    T        2.    T         3,    t        4.  F 

5>    F        6.  F 


ERIC 
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OBJECTIVE 


Relate  the  terms  associated  with  the  operation  of  the  cabin  pres- 
surization  system  with  80%  accuracy. 
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beginning  of  each  new  frame.    If  your  answer  is  correct,  proceed  to  the  next 
frame.    If  your  answer  is  wrong,  reread  the  material  before  you  proceed 
to  the  next  frame. 
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Frame  1 


The  C-141  aircraft  (plane)  has  an  example  of  a  pressurlzatlon 
system  with  a  variable  isobaric  section.  The  whole  system  is  made 
up  of  just  three  major  parts.  Look  at  the  schematic  (figure  1)  on 
the  next  page  and  find  the  automatic  controller,  manual  controller 
and  the  outflow/safety  valve • 

You  probably  noticed  that  this  system  does  not  have  a  cabin  pres- 
sure, regulator.    That  is  because  the  three  major  parts  of  the  system 
work  together  to  regulate  and  control  cabin  pressure.    Get  familiar 
with  the  schematic  for  a  few  minutes  then  we  will  discuss  each  part 
individually . 

NO  RESPONSE  REQUIRED 


1 


erIc  ^'-''0 


HIGH 
PRESSURE 
SOURCE 


REGULATOR 


Figure  !•    Cabin  Pressure  Control  Schematic. 


Ill  I 


Correct  Response  to  Frame  1:    None  Required. 


Frame  2 


The  first  part  is  the  automatic  controller.    It  is  made  up  of 
an  isobaric  section  that  can  be  set  in  flight,  a  rate  control  adjuster, 
and  a  differential  section.    The  front  of  the  automatic  controller 
is  shown  in  figure        The  knob  in  the  left  is  the  rate  control  adjust- 
ment.   The  knob  in  the  right  is  used  to  set  the  isobaric  section.  When 
this  knob  is  turned,  the  dial  hand  turns  in  the  same  direction.  The 
large  numbers  on  the  dial  stand  for  cabin  altitude  in  thousands  of 
feet.    The  small  numbers  stand  for  the  altitude  of  the  plane  in  thousands 
of  feet.    For  example:    if  the  dial  hand  were  set  at  4  cabin  pressure 
would  be  the  same  as  atmospheric  pressure  at  4,000  feet.    The  plane, 
however,  would  be  at  approximately  30,000  feet,  when  the  differential 
section  caused  cabin  pressure  to  be  vented  out. 


Figure  2.    Automatic  Controller. 


Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  knob  in  the  left  is  the  rate  control  adjustment. 

2.  The  automatic  controllei  is  made  up  of  an  isobaric  section, 
a  rate  control  adjuster,  and  a  differential  section. 

3.  The  knob  in  the  right  is  used  to  set  the  differential. 

4.  The  dial  hand  turns  in  the  same  direction  as  the  cabin  altitude 
knob . 
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Correct  Responses  to  Frame  2:    1.    T»      2.    T,      3.    F,      4.  T. 

Frame  3 


Now  let  us  take  a  look  inside  the  automatic  controller.  In 
figure  3  you  can  see  the  differential,  rate  control  and  isobaric  sections. 
The  only  difference  between  these  and  similar  sections  you  have  learned, 
is  in  the  isobaric  section.    This  one  can  be  set  in  flight.    We  will 
go  to  this  feature  in  the  next  frame. 

The  numbers  at  the  top  of  the  diagram  stand  for:    (1)  filter  and 
orifice,  (2)  cabin  air  in3  ^t  port,  (3)  atmospheric  vent,  and  (4)  the 
atmospheric  pressure  inlet  to  the  differential. 

Use  figure  3  to  complete  the  following  statements. 

1.      The  atmospheric  inlet  to  the  differential  section  is  number 


2.      A  diaphragm  separates  atmospheric  pressure  from  cabin  pressure 
at  the  section. 


3.  The  section  is  nothing  more  than  an 

adjustable  orifice. 

4.  The  altitude  selector  knob  is  used  to  set  the  

  section. 

5.  Port  number  2  is  the   port. 


6.      Cabin  pressure  goes  in  the  controller  through  port  number 

 .    To  get  to  the  isobaric  section  it  must 

go  through  the  and   

then  the  section. 


7.      The  atmospheric  vent  port  is  ntraiber 
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Rate  Control 
Section 


Differential 
Section 


Isobaric 
Section 


RATE   CONTROL  KNOB 


ALTITUDE  SELECTOR  KNOB 


Figure  3.    Automatic  Controller, 
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Correct  Responses  to  Frame  3:    1.    A,     2,    differential,      3,    rate  control, 
A,    isobaric,      5,    cabin  air  inlet,     6,    2,  filter,  orifice,  rate  control, 
?•  3, 

Frame  A 

Use  figure  A.    The  isobaric  section  is  made  up  of  a  lever^  an  aneiold, 
and  adjustable  spring.    The  aneroid  is  hooked  to  the  lever  that  pivots 
on  one  end  and  rides  on  the  spring  at  the  other  end.    This  means  that  all 
these  parts  must  move  together.    When  cabin  pressure  tries  to  squeeze  the 
aneroid,  the  tension  of  the  spring  must  be  overcome  before  the  lever 
can  be  pulled  dcvm.    When  the  altitude  selector  knob  is  turned  counter- 
clockwise the  spring  is  squeezed  between  the  lever  and  the  nut  that  moves 
up  on  the  selector  knob  shaft.    When  the  selector  knob  is  turned  clockwise 
the  nut  moves  down  on  the  shaft  increasing  spring  tension.    The  higher 
the  spring  tension,  the  higher  the  altitude  at  which  cabin  pressurization 
starts.    The  lower  the  spring  tension,  the  lower  the  altitude  at  which 
cabin  pressurization  starts.    Do  not  try  to^  figure  this  out  right  now. 
We  will  explain  what  we  mean  in  the  next  frame. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  isobaric  section  is  made  up  of  a  lever,  an  aneroid  and 
adjustable  spring, 

2.  cabin  pressure  squeezes  the  aneroid  against  spring  tension. 

3.  Tension  on  the  spring  is  set  by  turning  the  altitude  selector 
knob. 

A.     The  aneroid,  lever,  and  spring  do  not  move  together. 

5.     The  lower  the  tension  on  the  spring,  the  higher  the  altitude 
at  which  pressurization  starts 


lire 
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RATE  CONTROL  KNOB  AlTltUDE  SELECTOR  KNOB 


Figure  4*    Automatic  Controller* 


Correct  Responses  to  Frame  4:    1.    T,      2.  3.    T,      4.  5.  F. 


Frame  5 

Use  figure  5,    Let  us  say  the  pilot  wants  his  cabin  pressurized 
to  8,000  feet  in  altitude  (10.91  psia) •    He  turns  the  altitude  selector 
knob  until  the  dial  hand  is  on  8  (see  figure  2) •    At  this  time  the 
aneroid  pressure  (3  psia)  and  spring  tension  (7.91  lbs.)  are  the 
same  as  the  atmospheric  pressure  at  8,000  fe^u  (10.91  psia). 

Keep  in  mind  that  when  the  plane  is  on  the  ground,  atmospheric 
pressure  (14.7  psia)  would  have  the  aneroid  and  spring  (10.91  psia) 
squeezed  flat.    This  means  that  as  soon  as  the  air  conditioning  system 
is  turned  on,  the  diaphragm  will  be  pushed  dovm  and  will  open  the  vent 
valve.    This  lets  the  airflow  to  vent  out  to  the  atmosphere.  Cabin 
pressure  can  not  now  build  up. 

Answer  the  statements  as  true  (T)  or  false  (F)  . 

1.  The  pilot  sets  the  desired  cabin  pressure  by  turning  the 
rate  control  knob. 

2.  Pressure  inside  the  aneroid  is  3  psia. 

3.  Atmospheric  pressure  holds  the  vent  valve  on  seat. 

4.  Cabin  pressure  must  overcome  the  pressure  in  the  aneroid 
and  the  adjustable  spring  tension  before  the  vent  valve 
will  open. 

5.  The  vent  valve  is  closed  and  opened  by  the  up  and  down 
movement  of  the  diaphragm. 


'ills 


RATE   CONTROL  KNOB  ALTITUDE  SELECTOR  KNOB 


Flgurt  5*    Automatic  Controllar* 


Correct  Responses  to  Frame  5:    !•    F,      2.    T,      3.    F,     4,    T,      5.  T. 
Frame  6 

Use  figure  6-    A  thing  to  keep  in  mind  is  that  the  automatic  controller 
does  not  set  cabin  pressure.    It  is  used  to  select  an  altitude  at  which 
cabin  pressurization  starts.    So  let  us  see  how  the  isobaric  section  works 
as  the  plane  starts  to  climb. 

We  have  determined  that  with  the  controller  set  at  8,  atmospheric 
pressure  would  have  the  aneroid  squeezed  and  the  vent  valve  would  be 
open.    We  are  now  in  the  unpressurized  range.    At  this  time  atmospheric 
pressure  and  cabin  pressure  are  the  same.    As  the  plane  climbs,  atmospheric 
pressure  drops.    When  the  altitude  of  8,000  feet  is  reached,  cabin  and 
atmospheric  pressures  drop  below  10.91  psia.    This  pressure  is  on  top  of 
the  controller  diaphragm.    At  this  point  the  aneroid  and  spring  expand 
and  push  the  vent  valve  ON  seat.    This  lets  cabin  pressure  build  up. 
We  are  now  in  the  isobaric  range • 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  automatic  controller  automatically  sets  cabin  pressure. 

2.  When  the  aneroid  is  squeezed,  the  vent  valve  will  be  open. 

3.  When  the  vent  valve  is  open,  cabin  pressure  cannot  build  up. 

4.  During  the  unpressurized  range  atmospheric  pressure  is  more 
than  cabin  pressure. 

5.  The  automatic  controller  is  used  to  select  an  altitude  at 
which  pressurization  starts. 

6.  Once  the  selected  altitude  is  reached,  the  aneroid  expands 
and  the  vent  valve  closes. 

7.  Cabin  pressure  will  be  automatically  kept  at  the  selected 
altitude  in  the  isobaric  range. 
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Correct  Responses  to  Frame  6:    1.  2.    T,      3.  4,    F,      5,  T, 

6.    T,      7.  T. 


Use  figure  ?•    In  the  isobaric  range,  the  aneroid  will  continue 
to  squeeze  and  expand.    This  will  close  and  open  the  vent  valve  and 
automatically  keep  cabin  pressure  at  the  desired  setting  (in  this  case 
10,91  psia  and  8,000  feet). 

The  differential  section  is  set  to  work  at  8,1  psid.    As  the  plane 
climbs,  atmospheric  pressure  on  top  of  the  differential  diaphragm  drops. 
When  cabin  pressure  on  the  bottom  of  the  diaphragm  is  more  than  that 
on  top  (atmospheric  pressure  plus  spring  tension)  by  8.1  psid,  the 
liaphragm  moves  up.    This  will  open  a  path  to  the  atmosphere.  Cabin 
pressure  in  the  top  of  the  controller  now  goes  through  the  differential 
opening.    The  vent  valve  will  go  on  seat  and  will  cause  the  isobaric 
section  to  become  ineffective.    The  plane  is  in  the  differential  range 
with  the  differential  section  controlling  cabin  pressure •    If  the  plane 
continues  to  climb,  cabin  pressure  will  drop.    However,  the  differential 
section  will  keep  a  cabin  pressure  of  8.1  psid  more  than  atmospheric 
pressure  (while  in  the  differential  range) ,  even  thougih  the  altitude 
of  the  plane  may  change  • 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  In  the  isobaric  range,  operation  of  the  aneroid  automatically 
controls  cabin  pressure. 

2.  The  differential  section  is  set  to  work  at  10.91  psid. 

3.  As  aircraft  altitude  increases,  atmospheric  pressure  drops. 

4.  Cabin  pressure  pushes  the  differential  diaphragm  up  and 
atmospheric  pressure  plus  spring  tension  pushes  it  down. 

5.  When  the  differential  opens  a  path  to  the  atmosphere,  pres- 
sure underneath  the  controller  diaphragm  pushes  the  vent 
valve  up  and  ON  seat. 

6.  While  in  the  differential  range,  cabin  pressure  will  be  kept 
at  8.1  psid  more  than  atmospheric  pressure  even  though  the 
altitude  of  the  plane  may  change. 

7.  During  the  differential  range,  if  atmospheric  pressure  were 
3.57  psia,  cabin  pressure  would  be  10.91  psia. 


Frame  7 


To  Differential 
Atiftosphare  Section 


Jontroller 
Diaphragm 


Di^^agm 


ftATE   CONTROl  KNOB 


ALTITUDE   SELECTOR  KNOB 


Figure  7.    Automatic  Controller* 
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Correct  Responses  to  Frame  7:  1.  T,.  2,  F,  3.  T,  A,  T,  5.  T, 
6,    T,      7,  F. 

Frame  8 

The  C-lAl  aircraft  is  often  used  as  e»  troop  carrier.  Sometimes 
the  troops  are  hurt  or  ill  and  are  flown  to  a  hospital  for  treatment. 
The  rate  of  change  control  section  protects  these  people,  as  well  as 
the  flight  crew,  from  a  rapid  fast  rise  in  pressure.    It  does  this  by 
limiting  the  buildup  of  cabin  pressure •    The  rate  of  pressure  change 
is  the  same  as  a  rise  in  altitude  of  betvyeen  200  and  2,000  feet  per 
minute.    Look  at  figure  5  as  we  give  the  operation  of  the  rate  control 
section. 

Cabin  pressure  flows  in  the  top  of  the  controller,  through  the 
filter.    Pressure  flows  past  the  adjustable  rate  control  orifice,  and 
in  the  bottom  of  the  controller.    Since  the  flow  in  the  top  chamber 
is  not  restricted,  pressurp  builds  up  faster  there  than  it  does  in 
the  bottom  chamber.    The  controller  diaphragm  is  forced  down,  and  pulls 
the  vent  valve  open.    This  will  let  part  of  the  cabin  pressure  to  vent 
to  the  atmosphere.    Soon  the  pressure  in  the  lower  chamber  catches  up 
and  pushes  the  diaphragm  up.    This  will  close  the  vent  valve.  This 
whole  process  has  limited  the  rate  at  which  cabin  pressure  will  build 
up. 

If  the  orifice  is  opened  all  the  way    the  rise  in  cabin  pressure 
will  be  at  a  rate  that  is  the  same  as  that  of  a  2,000  feet  per  minute 
altitude  rise.    The  minimum  is  the  same  as  a  200  feet  per  minute  altitude 
rise.    The  pilot  can  change  the  size  of  the  orifice  by  turning  the  rate 
control  knob.    He  has  a  gage  in  the  cockpit  which  shows  him  the  rate 
of  change  in  feet  per  minute  ^ 

Answer  the  statements  as  true  (T)  or  false  (F)  . 

1.  The  rate  of  change  coatrol  section  protects  personnel  from 
a  fast  rise  in  pressure. 

2.  The  rate  control  section  can  be  set  between  200  and  2,000  feet 
per  minute  rate  of  change. 

3.  Cabin  pressure  flows  in  the  bottom  of  the  controller  faster 
than  it  flows  in  the  top. 

A.      The  rate  control  orifice  is  set  when  the  pilot  turns  the 
rate  control  knob  on  the  automatic  controller. 

5.      When  pressure  in  the  lower  chamber  of  the  controller  catches 
up  with  the  pressure  in  the  upper  chamber,  the  vent  valve 
will  be  forced  ON  seat. 
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Correct  Responses  to  Frame  8:    1.    T,      2.    T,      3.    F,      4.    T,     5.  T» 

Frame  9 

Look  at  figure  1  and  find  the  manual  controller.    With  this  part 
the  pilot  can  manually  adjust  and  control  cabin  pressure  if  the  automatic 
controller  fails. 

Follow  each  of  the  lines  leaving  the  manual  controller  to  see  where 
they  hook  into  the  rest  of  the  system. 

NO  RESPONSE  REQUIRED 


1125 


Correct  Response  to  Frame  9:    None  Required. 


Frame  10 


Use  figure  8,    Due  to  the  arrangement  of  the  two  cams,  the  inlet 
and  outlet  valves  work  at  the  same  time,  but  in  opposite  directions. 
If  the  knob  were  turned  clockwise  (more  pressure)  the  inlet  valve  would 
start  to  move  OFF  seat.    The  outlet  valve  would  start  to  move  ON  seat. 
Keep  in  mind,  the  pilot  uses  this  valve  ONLY  when  the  automatic  controller 
fails,  let  us  say  the  vent  valve  sticks  on  seat. 

As  the  inlet  valve  opens,  the  outlet  valve  will  close,  restricting 
the  amount  of  air  that  will  vent  overboard.    This  will  cause  cabin 
pressure  to  rise.    To  drop  cabin  pressure  the  pilot  turns  the  knob 
counterclockwise  and  the  valves  move  just  the  opposite  as  before. 
The  idea  is  for  the  pilot  to  get  the  valves  set  just  right  so  that 
cabin  pressure  is  kept  at  a  desired  rate. 

Answer  the  statements  as  true  (T)  or  false  (F)  , 

1,  The  inlet  and  outlet  valves  work  at  the  same  time, 

2,  Cabin  pressure  enters  the  manual  controller  through  the 
filter  and  orifice, 

3,  If  the  knob  were  turned  clockwise,  cabin  pressure  would  drop, 

4,  The  manual  controller  is  used  to  aid  the  automatic  controller 
in  dumping  cabin  pressure, 

5,  Cabin  pressure  must  go  through  the  manual  controller  to 
get  to  the  automatic  controller. 
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Figure  8.    Manual  Controller, 


Correct  Responses  to  Frame  10:    1.    T,      2.    T,     3.    F,      4.    F,      5*  T. 


Frame  11 


Take  a  look  at  the  schematic  on  foldout  1  and  find  the  outflow/ 
safety  valve.    This  valve  has  several  parts  important  to  the  function 
of  the  pressurization  system.    The  first  of  these  parts  that  we  will 
discuss  is  the  pneumatic  relay.    It  is  placed  in  the  upper  left  comer 
of  the  outflow/safety  valve.    The  job  of  the  relay  is  to  cause  a  fast 
response  of  the  outflow  valve  when  the  vent  valve  in  the  automatic 
controller  opens.    Here  is  how  it  works. 

When  the  vent  valve  is  opened,  cabin  pressure  in  the  top  of  the 
automatic  controller  will  vent  to  the  atmosphere.    Look  at  the  schematic 
and  follow  the  arrows  from  the  relay.    If  you  will  recall  Pascals*  Law, 
you  can  see  that  when  pressure  drops  in  the  top  of  the  controller,  it 
drops  the  same  amount  in  the  top  of  the  relay  and  at  the  same  time. 
Both  chambers  have  the  same  confined  air.    When  just  a  small  amount  of 
pressure  is  dumped  from  the  top  of  the  relay,  head  pressure  will  push 
the  relay  diaphragm  up  and  opens  the  needle  valve.    Head  pressure  will 
now  vent  to  the  atmosphere  through  the  passageway  out  of  the  bottom 
of  the  out flow /safety  valve.    Cabin  pressure  lifts  the  outflow  valve 
off  seat  and  vents  to  the  atmosphere. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  pneumatic  relay  causes  a  faster  response  of  the  outflow 
valve  when  the  vent  valve  opens  in  the  automatic  controller. 

2.  Pressure  in  the  top  of  the  pneumatic  relay  is  the  same  as 
that  in  the  top  of  the  automatic  controller. 

3.  Head  pressure  lifts  the  outflow  valve  off  seat. 

4.  A  large  amount  of  pressure  must  be  relieved  on  top  of  the 
relay  before  the  needle  valve  is  lifted  off  seat. 

5.  When  the  relay  needle  valve  is  moved  off  seat,  head  pressure 
is  vented  to  the  atmosphere  and  the  outflow  valve  opens . 
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Correct  Responses  to  Frame  11:    1.    T,      2.    T,      3,    F,      4.    F,      5.  T. 

Frame  12 

A  jet  pump  is  placed  in  the  outflow/safety  valye  to  help  the  relay 
open  the  outflow  valve  quick.    Look  at  figure  9.    The  jet  pump  works  like 
a  venturi.    As  engine  bleed  air  (regulated  to  16  psi)  is  forced  through 
the  pump,  air  speed  will  rise.    Pressure  will  drop  where  the  passageway 
is  the  smallest.    This  tends  to  suck  the  head  pressure  out  past  the 
relay  needle  valve  that  will  cause  the  outflow  valve  to  open  imaediately. 
Keep  in  mind,  this  will  all  happen  when  the  vent  valve  in  the  automatic 
controller  comes  off  seat. 

Number  each  of  the  events  in  the  order  in  which  it  takes  place. 

 ^a.      Cabin  pressure  will  open  the  outflow  valve  and  vent  to 

the  atmosphere. 

 b.      The  vent  valve  in  the  automatic  controller  will  open 

when  cabin  pressure  overcomes  the  setting  of  the  isobaric 
aneroid. 

 c.      The  relay  needle  valve  opens  to  let  head  pressure^^  to 

be  sucked  out  by  the  jet  pump. 

 d.      Pressure  on  top  of  the  relay  diaphragm  is  dumped  through 

the  manual  controller  and  out  the  vent  valve  in  the 
automatic  controller, 
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TO  CONTROL  FAN 


Correct  Responses  to  Frame  12:       4    a,       1    b,         3    c,         2  d. 


Frame  13 

The  safety  valve  protects  the  plane  and  flight  crew  from  too  much 
cabin  pressure  if  the  differential  section  fails  to  work.    The  differential 
section  is  supposed  to  work  at  8.1  psid.    If  it  does  not,  the  safety 
valve  will  open  at  8,6  psid. 

Look  at  figure  10  and  see  that  atmospheric  pressure  is  on  top 
of  the  safety  valve  diaphragm.    If  head  pressure  underneath  the 
diaphragm  is  8,6  psid  more  than  the  atmospheric  pressure  on  top, 
the  diaphragm  is  forced  up  and  the  safety  valve  will  open.    Head  pressure 
rushes  past  the  opened  safety  valve  to  the  jet  pump.    Here  it  is  sucked 
out  and  vented  overboard.    Cabin  pressure  will  push  the  outflow  valve 
open  and  vent  to  the  atmosphere. 

Answer  the  statements  as  true  (T)  or  false  (F) , 

1,  If  the  differential  section  fails,  the  safety  valve  will  control 
cabin  pressure  and  keep  it  at  8,1  psid, 

2,  Atmospheric  pressure  is  acting  on  top  of  the  safety  valve 
diaphragm, 

3,  Once  the  safety  valve  is  opened,  head  pressure  is  dumped 
rapidly  due  to  the  work  of  the  jet  pump, 

4,  Cabin  pressure  opens  the  outflow  valve  when  head  pressure 
exceeds  atmospheric  pressure  by  8,6  psid, 

5,  The  job  of  the  safety  valva  is  to  protect  the  plane  and 
flight  crew  from  too  much  cabin  pressure. 
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TO  CONTROL  FAN 

AND  vCNTURl  Cabin 


er|c 


Correcf  Responses  to  Frame  13:    1.    F,      2.    T,      3*    T,     4.    T,      5.  T. 

Fraioe  14 

We  just  learned  how  the  C-141  safety  valve  protects  the  flight 
crew  and  passengers  from  too  much  cabin  pressu:"e.    The  plane  also  has 
a  feature  which  makes  sure  that  cabin  pressure  does  not  get  too  low. 
This  feature  is  provided  by  the  aneroid  and  override  valve  shown  in 
the  top  right  comer  of  figure  11.    Tha  aneroid  has  8.81  psia.    As  long 
as  the  system  is  in  the  normal  mode  of  operation,  it  is  kept  squeezed 
by  cabin  pressure.    Let  us  find  out  when  and  how  it  expands  and  what 
happens  when  it  does. 

Suppose  the  pilot  has  the  automatic  controller  set  at  8  and  the 
plane  is  flying  at  40,000  feet.    This  means  cabin  pressure  will  be 
kept  at  10.91  psia.    If,  for  some  reason,  the  vent  valve  in  the  automatic 
controller  opened  or  started  to  leak,  the  relay  would  open  the  dump 
head  pressure.    This  would  let  the  outflow  valve  open  and  cabin  pressure 
would  start  to  drop.    VThen  the  pressure  drops  to  8.81  psia,  the  aneroid 
will  expand  and  open  an  additional  path  for  cabin  pressure  to  go  to 
the  top  of  the  outflow  diaphragm.    Due  to  this  addtional  path,  cabin 
pressure  will  now  go  in  the  head  pressure  chamber  faster  than  it  can 
leak  out.    This  will  cause  the  outflow  valve  to  close  and  keep  cabin 
pressure  from  dropping  to  2.73  psia  (atmospheric  pressure  at  40,000 
feet) .    The  aneroid  will  continue  to  open  and  close  to  control  cabin 
pressure  at  8.81  psia  that  is  the  same  as  a  13,500  feet  altitude. 

If,  however,  the  pilot  wants  cabin  pressure  to  be  lower  than 
8.81  psia,  he  sets  an  override  switch  that  is  on  his  control  panel. 
This  will  cause  solenoid  valve  //2  (see  foldout  1)  to  open.  Engine 
bleed  air  is  then  sent  to  the  bottom  of  the  override  valve.    The  over- 
ride valve  will  close  and  make  the  aneroid  operation  ineffective.  Now, 
the  pilot  can  open  solenoid  valve  //I  or  the  manual  controller  and  drop 
cabin  pressure  as  low  as  he  wants  it.    This  procedure  would  need  to 
be  used  in  paratroop  or  cargo  drops  when  atmospheric  pressure  is  less 
than  8.81  psia.    To  make  these  drops  the  cargo  doors  have  to  be  opened. 
The  pilot  would  want  to  lower  cabin  pressure  gradually  until  it  is  the 
same  as  atmospheric  pressure.    If  he  did  not  drop  cabin  pressure  before- 
hand, there  would  be  such  a  fast  decompression  when  the  cargo  doors 
were  opened  that  the  cargo  and  personnel  alike  would  possibly  be  blown 
out  of  the  opening. 

Answer  the  statements  as  true  (T)  or  false  (F)  . 

1.  The  small  aneroid  keeps  cabin  pressure  from  becoming  too 
high. 

2.  The  override  valve  is  closed  by  engine  bleed  air. 

3.  The  aneroid  has  8.81  psia. 

4.  When  the  aneroid  expands,  cabin  pressure  comes  in  the  head 
pressure  chamber  faster  than  it  can  get  out  and  the  outflow 
valve  will  close. 

5.  Unless  the  override  valve  is  closed,  the  aneroid  will  keep 
cabin  altitude  to  13,500  feet. 
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TO  COHTltOL  TAN 
A*<0  VCNTURt 


Correct  Responses  to  Frame  14:    1.    F,      2.    T,      3.    T,      4.    T,  5. 


Frame  15 

When  the  C-141  aircraft  lands,  the  outflow  valve  opens  automatically 
to  let  cabin  pressure  equalize  with  the  atmospheric  pressure •    A  squat 
switch  on  the  landing  gear  shock  strut  (when  the  weight  of  the  plane 
sets  on  it)  turns  on  the  control  fan  shown  in  figure  12,    The  fan  draws 
air  through  a  venturi  creating  a  low  pressure  or  suction.    This  pulls 
the  small  diaphragm  open  and  vents  head  pressure  overboard.    The  outflow 
valve  opens  allowing  cabin  and  atmospheric  pressures  to  be  the  same. 

NO  RESPONSE  REQUIRED 
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CABIN  PRESSURE  LEAKAGE  CHECK 


OBJECTIVE 

Using  a  cabin  pressure  leakage  tester,  the  necessary  tools,  and  the 
applicable  TO,  and  working  in  a  group  of  not  more  than  four  students, 
perform  a  cabin  pressure  leakage  test  and  troubleshoot  the  CT-5  trainer 
with  a  maximum  of  three  instructor  assists. 

Note:    An  instructor  assist  is  limited  aid;  such  as  location  of 
components,  technical  directions  or  explanations,  and/or  technical 
order  interpreta, ion  given  to  students  who  can  proceed  no  further 
on  their  own.    Any  of  the  following  items  will  also  constitute  an 
assist:     (1)  not  following  technical  order  directions,  (2)  improper 
use  of  handtools,  (3)  not  following  the  workbook  sequence,  (4)  mis- 
use of  government  equipment,  and  (5)  safety  violations  constitute 
an  automatic  failure. 

EQUIPMENT 

CT-5,  F-111  Trainer 
MB-3  Cabin  Leakage  Tester 
Intercom  Headset 
Applicable  Handtools 
TO  lF-lllA-2-2-1 
TO  33AA-A-10-1 

INTRODUCTION 


PROCEDURE 


Before  a  cabin  pressure 
familiarize  yourself  with  th 

upersedes  3AbR42331-WB-316A, 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 

2 
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To  do  this  we  will  have  you  use  the  TO  t-n  o^o 

the  test.  After  this  is  done  t^ll  ?  .  '""^  questions  about 
to  make  a  cabin  pressure  leakage  test  ^^^^  '^^ady 

and  cSpie?r.s  iii]'oXVJ:::..ir —  ~- 

Jo-r;  eS  s^-p-b^L^-^fgo^-J  tt\~-  - 

1.      Which  section  of  the  TO  is  for  the  cabin  pressure  leakage 
checkout  ? 


a.  Turn  to  the  correct  section. 

b.  On  which  page  does  the  e.iction  start? 


maintenance  on  the  windshield. 


3.      No  personnel  shall  be  in  the  cabin  ; 


when 


4.  

J,  —  shall  remain 

stationed  at  the  oabin  leakage  teater  at  all  ttaes  while  the  cabin 
is  being  pressurized. 

5.   

 _  will  be  put  On 

prior  to  pressurizing  the  cabin  to 


6.      The  cabin  pressure  leakage  checkout 


consists  of 


7.      What  type  of  cabin  leakage  tester  is  used 


to  make  the 
checkout? 


8.      Thr  leakage  tester  shall  be  placed  at 


in  direction  away  from  the 


ai rcraf t 

 —  ^  area. 


9*      Cut  the  lockwire  and  remove  the  r^n.  t-v.^^ 

j.cmuve  cne  cap;  then  connect  the 

canopy  seal  hose  to 

well.  —   .    in  the  nose  w  ■  x 

3 
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10,  Take  care  when  connecting  the  cabin  leakage  tester  to  the 
aircraft  to  prevent 

 and  remove  the  cap:  then 

connect  the  air  supply  hose  to   

12.      How  many  hoses  will  be  connected  to  the  aircraft? 


13.  Turn  the  dump  valve  on  the  leakage  tester   

to  full  position. 

14.  Slowly  turn  on  the  leakage 

tester   until  a  test  pressure  of 

  is  shown  on   

15.  Allow  the  system  time  to  stabilize  between 


to  avoid  exceeding 
  at  any  time 


16.  vftien  the  pressure  rate-of-change  gage  reads  zero,  cabin 
pressure  should  be  stabilized  at  how  much? 


17.      What  does  the  abbreviation  (scfm)  mean? 


18.      New  aircraft  can  h^ve  a  leakage  rate  of    scfm. 

Leakage  will   ^   as  the  aircraft  is  flown  when 

 .  ^;  however. 


leakage  of  serviceable  aircraft  -^s  less  than  scfm. 

19-  If  the  cabin  has  too  much  leakage,  which  section  of  the  TO 
refers  to  leakage  repair? 


4 
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20.  What  substance  should  be  used  to  find  leaks  during  air 
pressure  testing? 

21.  Do  not  allow  the  rate  of  decrease  in  altitude  to  exceed 
  per  minuta. 


22.     The  last  step  before  you  close  and  secure  the  forward 
equipment  bay  aft  door  is  to  lockwire. 

Note:    When  you  have  done  this  part  of  the  text,  tell  the 
instructor  you  are  ready  to  make  a  pressure  leakage  test. 
He  may  have  you  wait  for  awhile  until  at  least  one  other 
person  is  ready  to  make  a  test,  since  the  job  needs  two 
people. 

When  the  instructor  gives  you  the  OK  to  make  a  leakage  test 
d--  each  of  the  steps  in  order. 

1.  Make  sure  that  at  least.  ONE  person  in  your  group  has  a 
copy  of  TO  lF-lllA-2-2-1  and  TO  33A4-4-10-1. 

2.  Go  to  room  A-106  and  tell  the  instructor  chat  you  are 
ready  to  make  a  leakage  test.    He  will  give  you  a  toolbox. 

Note:    WORK  AS  A  TEAM.    Each  of  you  make  sure  all  steps  are 
done  PROPERLY  and  SAFELY. 

3.  The  outside  of  both  d.  :>rs  in  room  A-106  have  folding 
yellow  signs.    UNFOLD  and  LATCH  the  signs  so  that  outsiders  wilx 
know  that  a  pressurization  check  is  In  progress. 

4.  On  the  cabin  trainer  side  facing  the  door  of  room  A-106, 
you  will  see  steps  that  are  used  to  get  in  and  out  of  the  cockpit. 
To  the  right  and  below  the  steps,  you  will  find  two  capped  ports. 
One  port  is  labeled  CANOPY  SEAL  TEST  and  the  other  COCKPIT  PRESSURE. 
About  two  feet  to  the  right  and  just  above  these  ports  you  will  see 
a  third  port  which  is  labeled  CABIN  LEAKAGE  TEST.    The  Tester  hoses 
will  be  connected  to  these  three  ports  when  you  reach  that  point  in 
the  test.     (NOT  NOW)... 

5.  To  the  left  of  the  steps  is  a  white  circuit  breaker  box. 
Behind  and  to  the  right  of  this  box  .are  two  ports  mounted  on  the 
cabin  bulkhead.    The  cabin  pressure  regulator  discharge  yort  is 
labeled  COMBAT  and  the  schedule  test  port  is  labeled  NORMAL. 

Note:    All  five  ports  are  in  the  nose  wheel  well  on  the  aircraft. 

„«nM*?'      ^^"o^^  the  vent  caps  and  put  an  unvented  test  cap  on  the 
NORMAL  port  and  one  on  the  COMBAT  discharge  port,  snug  each  cap  gently 
!?  ^^^^  unvented  test  caps  are  kept  in  the  toolbox) .  Read 

the  NOTE  in  Section  X,  paragraph  10-18a,  of  TO  lF-lllA-2-2-1  to 
undarstand  why  unvented  test  caps  must  be  used.    As  far  as  we  know, 
the  F-lll  is  the  only  aircraft  on  which  these  ports  are  capped  for 
leakage  testing.    On  most  planes  a  lever  on  the  cabin  pressure 
regulator  is  turned  to  shut  off  these  ports, 
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Figure  1.    Hose  Adaptex>. 


7.  Take  fie  hose  adapter  (figure  1)  from  the  toolbox  and  put 
it  on  the  CABIN  IJ2AKAGE  TEST  port.    Do  not  lose  the  cap  that  you 
remove  from  thii  port.    Tighten  the    dapter  connection  with  a  wrench 
just  tight  enc.gb  80  that  it  will  not  leak  when  the  trainer  cabin  is 
pressurized. 

8.  Rejiove  the  hoses  from  the  top  of  the  tester  cabinet. 

9.  Connect  one  end  of  the  large  cotton  hose  to  the  hose 
adapter  on  the  trainer  and  the  other  end  to  the  brass  air  outlet 
connection  on  the  tester.    Get  two  hose  clamps  from  the  toolbox 
and  use  them  to  secure  the  large  hose  so  that  it  will  not  leak. 

rANni?'<=rA?°TScf  '^^^'^^'^         to  the 

CANOFY  S7AL  TEST  port  on  the  trainer.    Snug  the  fittings  with  a 
wrench . 
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11.      Connect  the  CABIN  PRESSURE  hose  to  the  tester  and  to 
the  CABIN  PRESSURE  GAGE  port  on  the  trainer.    Snug  the  fittings 
with  a  wrench. 


Note:  The  tester  should  be  placed  so  that  each  hose  is 
STRAIGHT  and  FLAT  on  the  floor. 


12.  Close  and  latch  both  cabin  hatches.  CAUTION:  MAKE 
SURE  NO  ONE  HAS  HIS  HANDS  IN  THE  WAY. 


13.      Place  the  SAFETY  NET  and  secure  it  to  the  frame  of 
the  trainer.    Make  sure  all  glass  areas  are  covered  (the  net 
should  be  placed  so  that  it  looks  like  that  shown  in  figure  11-2 
of  TO  lF-lllA-2-2-1) .    The  single  strap  with  a  metal  tab  on  it  is 
placed  on  top  and  to  the  aft  of  the  cabin.    The  metal  tab  fits 
over  the  head  of  the  bolt  at  the  rear  of  the  cabin. 


14.  Connect  the  TESIER  POWER  cable  to  the  220V  AC  outlet, 
on  the  laboratory  wall. 


15.  Open  the  instrument  panel  door.    Open  doors  on  the 
trainer,  that  TO  lF-llU-2-2-1  states  should  be  open. 

Note:    You  have  been  taught  how  to  operate  the  MB-3  cabin 
leakage  tester.     If  you  do  not  remember,  read  section  IV 
of  TO  33A4-4-10-1.    Do  not  take  chances. .  .make  sure  you 
KNOW  what  you  are  to  do.    An  operator  must  be  at  the  cabin 
tester  at  all  times  while  the  cabin  is  pressurized.  Decide 
among  yourselves  who  the  OPERATOR  will  be;  HE  IS  THE  ONE 
THAT  WILL  OPERATE  THE  TESTER. 

16.  Turn  the  DUMP  VALVE  to  full  open. 


17.  Turn  the  canopy  seal  air  regulator  counterclockwise  until 
the  control  feels  slightly  loose. 

18.  Turn  the  CABIN  PRESSURE  ADJUSTMENT  knob  COUNTERCLOCKWISE 
until  a  minimum  pressure  of  2  psi  shows  on  the  regulator  dial. 

19.  Everyone  put  on  a  headset  and  plug  it  into  one  of  the 
Intercom  jacks.    The  jacks  are  on  the  white  power  box  at  the  front 
of  the  trainer.    Use  the  headset  when  you  want  to  talk  with  the 
instructor  and  the  other  students. 
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Caution:  Do  not  unlatch  the  hatches  while  f..-e  cabin  is 
pressurized. 


20.  Push  the  start  button  to  start  the  tester. 

21.  Slowly  adjust  the  CANOPY  SEAL  AIR  REGULATOR  until  50  to 
60  psi  shows  on  the  CAl^OPY  SEAL  PRESSURE  GAGE.    The  canopy  seal 
will  inflate  and  stop  leakage  from  around  the  canopy  hatches. 

22.  Slowly  turn  the  tester  DUMP  VALVE  CLOCKWISE  to  the  full 
closed  position.    Air  will  flow  to  pressurize  the  cabin. 

Caution:    Watch  the  pressure  RATE  OF  CHANGE  gage  to  make 
sure  you  DO  NOT  cause  more  than  a  5000  feet-per-minute 
altitude  increase  at  ANY  time. 

CTOC^^.K  ^  turn  the  PRESSURE  ADJUSTMENT  knob  on  the  tester 

STET/cLSB^'indlcaMr."'"'''"'  '"'^'"^  '^'^ 

Note:    Blower  pressure  will  be  a  little  more  than  cab^n 
pressure,  due  to  normal  leakage  from  the  crew  module." 
Pressurize  the  trainer  to  5.0  psi  so  blower  pressure  is 
neld  just  high  enough  to  keep  cabin  pressure  at  5.0  psi. 

?°  ""'^  temperature  of  the  air  that  flows  to 

ItrTi^  ""^  ^  ^^^^  happens  it  means 

there  is  something  wrong  with  the  cabin  tester  blower  and  the 
tester  should  be  shut  down. 

""^^  PRESSURE  RATE  OF  CHANGE  gage  starts  to  show 
a  rise  in  cabin  pressure,  adjust  the  tester  for  the  maximum 
Sis'^rdonrb'  5000  feet-per-minute  altitude  chi;ge^Srneed. 
^y  l/ll  tTt  /  '"''"'"^         P'^^^^"'^^  adjustment  CLOCKWISE 

26.    When  cabin  pressure  is  stabilized  at  5  0  ns-f  ^r^A 
PRESSDRE  gage.  "'""'^  °"  '"e  BUIBER 
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b.      Find  the  point  on  the  tester  FLOWMETER  SCALE  where 
the  vertical  lin«  (ahows  blower  pressure)  cuts  the  top  edge  of  the 
flowmter  float  (figtura  ?.)       j  p  . 

READ  FLOW  AT  TOP    ^   ^  ' 
EDGE  OF  FLDAl 


Float  at 

position 

shown  Indicates 

the  following 

free  air 

flow  at 

the  various 

blower  pressure 

readinf^u 

Press. 

Flow 

PSI 

CFM 

0 

118 

2.5  

124 

4.5  — 

130 

6.5  

137 

7.5   

140 

8.5   

144 

10.5  

150 

12.5  

158 

BLOWER  PRESSURE  PSI 

figwe  2.    MB- 'J  Flovmetev. 

c.  If  the  point  is  EXACTLY  on  the  diagonal  line,  read 

the  flow  (cabin  leakage  rate)  in  standard  cubic  feet  per  minute  (scfm) 

d.  If  the  point  is  EETrfEEN  TWO  DIAGONAL  LINES,  guess  the 
distance  above  the  lower  line  and  add  this  to  Che  value  of  that 
lower  line. 

e.  If  leakage  is  more  than  68.0  scfm,  turn  to  the  AIR 
PRESSURE  LEAKAGE  REPAIR  section  of  TO  lF-lllA-2-2-1 .  for  repair 
instructions. 


Note:    If  th-.  trainer  cabin  has  too  much  of  a  leak,  the  leak 
would  not  be  repaired.    The  class  period  is  not  long  enough 
for  tne  job.  o  e. 
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SHUTDOWN  STEPS 

to  minima.!'"''  ADJUSTMENT  knob  COUNTERCLOCKWISE 

rate  of  Jclltl  ITllTit^Tl  """"^'^    °°        -^^^  the 

or  aecrease  in  altitude  to  be  more  than  5000  feet-per  minute. 

3.      When  cabin  pressure  has  dropped  to  1.0  osi    -ake  t-h^ 

Note:    When  the  cap  is  removed  from  the  NORMAL  port,  the 

Jressure^o  ."Z^"'     "^^'^  ^^^^  -ough 

pressure  to  cause  injury  or  damage. 

5.  Push  the  OFF  button  to  stop  the  leakage  tester. 

6.  Unplug,  remove,  and  stow  the  headsets. 

the»  I;  the loTorrtrtLS!  "^^-^ 
teste?:  cable  and  stow  it  inside  the 

9*      Place  caps  on  all  ports. 

toolb";  anl'lo^kt.'""  "-""■'^^ 

11.  Remove  and  stow  the  safety  net. 

12.  Open  both  of  the  cabin  hatches. 

doors?'  '""^  "^''"'"^  °"         °"tside  of  the  classroom 

Note:    While  the  cabin  tester  is  stiTi  i 

about  the  flowmeter  for  just^'^i^^t'e  fcanle^^^:'' 

ie"Tir  ^h':  n''"'^'  '^^''^  "  ^^^^  te^pera"!re  of 

the  air  that  flows  through  the  meter  is  70°F.     If  the  ^ir 
temperature  is  more  or  less  than  70»F,  or  if  the  cabin 
leakage  has  to  be  changed  from  scfm  t^  pounds-per-minute 
(as  some  aircraft  TOs  require)  ,  refer  to  TO  SsIw-lS-? 

corre./m°et\^^  oV^ig^uring 


10 


14-     Return  the  TOs  to  the  proper  file  cabinet • 

15*      Tell  the  instructor  that  you  have  completed  the  cabin 
pressure  leakage  check  and  he  will  initial  your  forms  (that  is 
if  you  did  all  parts  of  the  check  properly).    Return  to  the 
classroom  and  review  for  the  measurement. 

Assists:    1,    2.  3, 


Instructor's  Signature 
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OBJECTIVES 


1.  Specify,  without  error,  general  principles  relating  to  oxygon 
systems  safety* 

2.  State  general  principles  relating  to  the  inspection  of  gaseous 
oxygen  systems. 

INSTRUCTIONS 

This  programmed  text  presents  material  in  small  steps  called 
**fraraes.''   The  material  contained  herein  is  in  support  of  the  lessons 
presented  in  class  by  the  instructor.    After  some  of  the  frames  you  will 
find  a  number  of  cstatements  that  you  are  asked  to  select  the  statements 
that  are  true.    Read  the  material  in  each  frame  before  making  a 
selection.    ITie  answers  to  each  frame  can  be  found  on  the  following  page. 
If  you  select  the  cc  r^ct  answers,  continue  to  the  next  frame.    If  you 
select  the  wrong  answer  or  are  in  doubt,  read  the  material  again  and  correct 
yourself  before  proceeding. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 


140617  .DPT 
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Frame  I 


One  of  the  most  important  safety  factors  that  you  should  know  about 
oxygen  is  that  it  makes  other  materials  burn  rapidly.    This  characteristic, 
along  with  the  fact  that  oxygen  is  handled  under  pressure,  sometimes  as 
high  as  2,000  psi,  gives  just  cause  for  following  strict  rules  for  oxygen 

when  working  around  i  t. 


NO  RESPONSE  NECESSARY 
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Frame  2 


Keep  oil  and  grease  away  from  oxygen  and  oxygen  equipttk^nt.  Oil, 
grease,  and  oxygen  DO  NOT  MIX,  and  an  explosion  may  result  from  their 
mixing* 

Select  the  following  statements  that  are  true> 

 ^1.    Grease  may  be  used  to  lubricate  oxygen  fittings. 

 2.    Oil  and  grease  :>hould  be  kept  away  from  oxyg^.n  equipment. 


1157 
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Answers  to  Frame  2:       F    I,       T  2, 

Frame  3 

When  using  a  thread  lubricant  for  pipe  thread  fittings  on  oxygen 
equipment,  use  an  approved  tetraf luroethylene  (teflon)  tape.    This  tape  is 
the  only  type  of  lubricant  that  can  be  used  on  ojcygen  fittings, 

NO  RESPONSE  NECESSAKY 


ERiC  5  -^53 
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Frame  4 


Do  not  allow  sparks  or  high  temperatures  near  oxygen.    Oxygen  supports 
combustion.    Thare  is  no  need  to  help  a  fire  or  explosion  get  started.  DO 
NOT  smoke  near  oxygen  or  oxygen  equipment.    The  minimum  safe  distance  you 
may  smoke  is  50  feet. 

Select  the  statements  that  are  TRUE. 

 I.    Sparks  or  high  temperatures  around  oxygen  may  result  in  an 

explosion. 

 2.    75  feet  is  the  minimum  safe  distance  you  can  be  when  smoking. 
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Answers  to  Frame  4:   T  F  2, 

Frame  5 

Handle  charged  cylinders  with  care*    Protect  stored  oxygen  cylinders 
from  excessive  heat, 

NO  RESPONSE  NECESSARY 


Frame  6 

Never  mix  oxygen  with  other  gases •  Never  store  oxygen  cylinders  in  the 
same  area  as  other  gases •    Keep  them  separate. 

NO  RESPONSE  NECESSARY 


ERIC 
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Frame  7 


Do  not  service,  purge  or  drain  an  aircraft  ox>'gen  system  within  50  feet 
of  hangars  or  other  structures.    If,  by  chance,  an  explosion  did  occur,  we 
want  to  lessen  the  damage  as  much  as  possible. 


NO  RESPONSE  NECESSARY 


Frame  8 


Drain  the  system  prior  to  removing  lines;  install  protective  caps  and 
seals  in  opened  lines  to  prevent  the  entrance  of  foreign  material. 


NO  RESPONSE  NECESSARY 


llGl 
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Frame  9 


Use  o-aly  AVIATOR'S  breathing  oxygen  specification  HIL-0-27210  Type  I, 
for  servicing  or  purg  ing  aircraft  systems. 

NO  RESPONSE  NECESSARY 


Frame  10 

If  the  system  has  been  left  open  or  has  been  empty,  purge  the  system. 
Select  the  statements  concerning  oxygen  system  safety  that  are  TRUK. 
I.     Oxygen  systems  must  be  kept  free  of  grease  and  oils. 


2.     An  oxygen  system  must  be  purged  if  it  has  been  left  open. 


3.     Protective  caps  or  plugs  must  be  installed  in  the  lines  when  an 
oxygen  system  is  opened. 

A.     Only  aviator's  or  hospital  oxygen  may  be  used  in  aircraft  oxygen 
systems. 

5.     Oxygen  supports  combustion. 


Answers  to  Frame  10:         T      1.         T     2.         T     3.         F  4. 

T  5. 


liG2 
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Frame  11 


Now  we  are  going  to  take  a  look  at  inspection  requirements  for  gasoou? 
oxygen  sys terns •    The  oxygen  system  is  normally  inspected  during  the 
scheduled  phase  or  periodic  inspection, 

NO  RESPONSE  NECESSARY 


Frame  12 

Cylinders  and  plumbing  should  be  checked  closely  for  corrosion,  dents, 
cracks,  and  proper  support.    Corrosion  is  especially  noticabie  around 
tubing  sleeves  and  B  nuts.    It  also  appears  under  support  clamps  and  there 
It  is  usually  hard  to  detect  because  it  is  covered  by  the  clamp, 

NO  RESPONSE  NECESSARY 
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Frame  13 

Regulator  to  mask  hoses  should  be  checked  for  chaffing,  collapsing, 
kinking,  and  proper  length  and  routing. 

Contamination  of  hoses  with  any  solvents  or  paint  sprays  will  cause  an 
odor.    The  hoses  should  be  replaced  if  any  of  these  defects  are  foumL 

NO  RESPONSE  NECESSARY 


Fraioe  14 

The  regulators  are  usually  checked  with  one  of  the  regulator  testers 
such  as  the  oxygen  regulator  field  tester;  there  are  others.    The  regulator 
to  mask  hose  quick  disconnect  must  be  checked  with  a  go-no-go  gage*  This 
test  should  be  performed  at  every  scheduled  inspection  or  whenever  it  is 
suspected  that  the  quick  disconnect  is  worn. 

Select  the  statements  concerning  gaseous  oxygen  inspections  that  are 

TRUE. 

 1.      Cylinders  and  plumbing  should  be  checked  for  proper  support. 

 2.     Corrosion  usually  appears  on  the  tubing  itself. 


3.     If  a  mask  to  regulator  hose  gives  evidence  of  an  odor,  it  should 
be  replaced. 

_4.     The  go-no-go  gage  inspection  should  be  performed  during  home 
station  checks. 

5.     Regulators  will  be  tested  using  the  go-no-go  gage. 


Answers  to  Frame  14:        T     1.         F     2.        T  3. 


Er|c  ^164 
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OBJECTIVE 


Relate  four  of  five  low  and  high  pressure  gaseous  oxygen  system 
components  to  their  operation. 

INSTRUCTIONS 

This  programmed  text  presents  material  in  small  steps  called 
"frames."    After  each  step  you  are  asked  to  select  the  correct  statement 
or  match  some  statements.    Read  the  material  presented  and  make  your 
response  as  directed  in  the  frame.    The  correct  answer  to  each  frame 
can  be  found  on  the  top  of  the  next  page.    If  your  answer  is  correct 
proceed  to  the  next  frame;  if  you  are  wrong  or  in  doubt,  read  the 
material  again  and  correct  yourself  before  continuing. 


Supersedes  3ABR42231-PT-401A,  10  February  1976. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  ^  j[  J 


Frame  1 

Many  types  of  oxygen  systems  are  used  on  aircraft.    A  system 
consists  of  two  sections:     the  supply  or  storage  section  with  its 
connecting  plumbing,  and  the  distribution  section  which  includes 
the  regulators.    The  type  of  system  used  in  a  given  aircraft  is 
determined  by  the  type  of  regulator  that  is  used.    Oxygen  regulators 
are  grouped  into  three  types:    demand,  pressure  demand,  and  continuous 
flow.    Any  of  the  three  types  of  regulators  can  be  used  with  any  type 
of  supply  system.    The  types  of  supply  systems  are  low  and  high  pres- 
sure gaseous  oxygen,  and  low  and  high  pressure  liquid  oxygen. 


FUIOHT  STATION  EQUIP 


OXYGtN  RtGULATOR 

V*' 

@) 

EM*«D 

fLO* 

''''  V' 

{■■>-.  SUPflT  j  « 

Check  the  following  statement/s  that:  are  true. 
1, 


The  type  of  oxygen  system  is  determined  by  the  regulator 
used. 


Any  of  the  three  types  of  regulators  can  be  used  with  any 
of  the  supply  systems. 

Normally  there  are  five  sections  in  an  oxygen  system. 

The  three  types  of  regulators  are  demand,  pressure  demand, 
and  continuous  flow. 
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Answers  to  Frame  1: 


/I.        /  2. 


3, 


/  A. 


Frame  2 

The  low  pressure  gaseous  oxygen  system  is  used  on  the  old  type 
transport  and  cargo  aircraft.    The  cylinders  are  mounted  with  straps 
in  sections  of  the  aircraft  where  space  is  available.    They  carry 
a  maximum  charge  of  A50  psi  and  are  considered  to  be  full  between 
400  and  450  psi.    The  pressure  should  not  be  allowed  to  drop  below 
50  psi      This  is  to  prevent  contamination  of  the  cylinder  due  to 
moisture  ti.at  will  accumulate  in  the  cylinder.    Low  pressure  cylinders 
are  made  shatterproof  by  welding  metal  bands  to  the  outer  side. 
The  cylinder?  are  made  of  stainless  steel  or  a  low  alloy  steel  and 
are  painted  vellow  to  identify  them  as  lew  pressure. 


STAINLESS 
STEEL 

STAINLESS 
STEFI 

Typical  Low-Pressure  Cylinders  (Painted  Yellow) 
Check  the  following  statement /s  that  are  true. 
1.      All  low  pressure  cylinders  are  painted  yellow. 


2,  Maximum  service  pressure  for  low  pressure  cylinders  is  450 

'  psi . 

 ^3.  At  least  50  psi  should  always  be  left  in  the  cylinders, 

4.  Low  pressure  cylinders  are  not  shatterproof, 

5.  Low  pressure  cylinders  are  considered  full  at  400  psi. 
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Answers  to  Frame  2:       /    l.       /   2 .       /  3. 


4.       /  5. 


Frame  3 

Low  pressure  systems  use  5/16-inch  aluminum  tubing.    The  tubing 
used  in  all  oxygen  systems  has  the  size  numbered  in  1/16-inch  incre- 
ments.   A  number  5  tubing  has  an  outer  diameter  of  5/16-inch,  a  number 
3  would  be  3/16-inch,  etc.    All  tubing  carrying  oxygen  is  color  coded 
with  green  tape  to  distinguish  it  from  other  tubing  in  the  aircraft. 
During  manufacture  the  tubing  used  is  heat  treated  for  strength  and 
treated  also  to  prevent  corrosion.    Two  kinds  of  connections  are  used 
in  oxygen  systems:    flared  tube  connections,  and  pipe  thread  connections. 

The  fittings  used  in  low  pressure  systems  are  made  of  aluminum 
alloy  and  painted  blue  to  identify  the  material.    These  are  "AN"  standard 
(Army-Navy)  fittings.    The  pipe  thread  end  of  the  fitting  screws 
into  cylinders,  regulators,  and  gages.    The  coneseat  end  connects 
the  flared  tubing. 


TUIE 


SLEEVE 


DOUBLE 
TUIE  H 

NUT 


NIPPLE 

FITTING 
HEX 


-CONESEAT 


r  STRAIGHT 
THREAD 


PIPE 
THREAD 


NUT  HEX 


EXTERNAL 

PIPE 
-  THREAD 


'RECESS 


HEX 


Double  Flared  Connection  AN  Standard  Fitting  (Painted  Blue) 

Check  the  following  statement/s  that  ara  crue. 

 ^*      If  you  asked  for  a  piece  of  number  5  tubing,  you  would  get 

5/16. 

 ^2.      Lew  pressure  systems  usa  number  5  aliuflinum  tubing. 

 ^3.      The  flared  tubing  is  connected  to  the  pipe  thread  fitting. 

 ^.      All  tubing  carrying  oxygen  is  color  coded  green. 


ERIC 


Answers  to  Frame  3:        /    1.        /    2.        /    3.        /  4, 


Frame  4 

The  tubing  is  braced  with  clamps  every  15  inches  apart  and  at 
each  bend  all  through  the  aircraft.    This  helps  to  reduce  tubing  vi- 
bration and  also  helps  to  prevent  chafing  of  the  tubing.    Oxygen  tubing 
should  be  installed  with  at  least  a  two-inch  clearance  between  elec- 
trical wiring  or  any  control  cables •    The  tubing  is  bent  when  necessary 
to  insure  that  this  clearance  is  maintained.    The  tubing  may  r  m  within 
1/2-inch  of  electrical  wiring  so  long  as  more  insulation  is  used  on 
the  wires,  but  this  is  the  absolute  minimum. 


NO   5  ALUMINUM  TUBING 

Check  the  following  statement/s  that  are  true, 

1.      Tubing  should  be  clamped  every  15  inches  and  at  each  bend. 


2,  A  two-inch  clearance  should  be  maintained  between  tubing 
and  electrical  wires  and  control  cables, 

3.  1/2-inch  is  the  absolute  minimum  clearance  on  oxygen  tubing. 


170 


Answers  to  Frame  4;        /    1,        /    2,       /  3< 


Frame  5 


^ Check  valves  are  used  in  oxygen  systems  that  have  more  than  oiie 
cylinder,    A  check  valve  helps  to  prevent  a  complete  loss  of  oxygen 
if  part  of  the  system  is  damaged.    Check  valves  may  be  in  many  styles 
to  meet  the  need  of  the  installation.    An  arrow  on  the  side  of  the 
check  valve  shows  the  direction  of  free  flow.    If  cylinder  in 
the  illustration,  ruptured,  the  oxygen  in  cylinder  "B"  would^not  go 
out  through  the  hole  because  of  check  valve  number  3,    Check  valves 
must  be  installed  so  that  all  cylinders  ^an  be  filled  from  a  single 
filler  valve,  all  cylinders  will  feed  ttie  regulator,  and  ±f  one  cylinder 
ruptures,  the  other  cylinders  will  not  dr^in  ojit  through  it. 


V 


B 


■  ■■■■iin,«,..,„,..,.,.,.,„it 


SIMPLE  OXYGEN  SYSTEM 


©RLLER  VALVE 

i CHECK  N#KLVE 
FILLER  TUBING 
a  DISTRIBUTION  TUBING 
#  STATION  OUTLET 

Check  the  following  statement/s  that  are  true. 

^1.      The  arrow  on  a  check  valve  indicates  direction  of  free  flow. 
1*      Check  valves  are  not  required  if  more  than  one  cylinder  is 
used. 

_3.      Check  valves  are  installed  so  that  all  cylinders  can  be 
filled  from  one  valve. 
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Answers  to  Frame  5:       /  !♦ 


2.        /  3. 


Frame  6 

Filler  valves  are  used  when  filling  tbe  oxygen  system.  They 
are  usually  mounted  near  the  outer  surface       the  aircraft  in  a  recessed 
well  and  under  an  access  cover.    Each  filler  valve  has  a  dust  plug 
attached  to  the  valve  by  a  chain.    The  plug  can  be  removed  by  turning 
the  handle.    When  the  dust  plug  is  removed,  a  recharge  adapter  on  the 
servicing  hose  is  put  in  the  filler  valve  to  fill  the  system.  The 
filler  valve  is  nothing  more  than  a  spring  loaded  check  valve  that 
is  unseated  by  the  recharge  adapter  and  seats  when  the  adapter  is 
removed . 


Check  the  following  statement /s  that  are  true. 


1.  A  filler  valve  is  a  spring  loaded  check  valve. 

2.  The  recharge  adapter  unseats  the  filler  valve. 

3.  The  filler  valve  is  located  on  the  outer  surface  of  the 
aircraft. 

4.  A  wrench  is  required  to  connect  the  recharge  adapter. 


ERLC 
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Answers  to  Frame  6:         /  1,        /    2.        /  3. 


Frame  7 

A  separate  gage  may  be  used  in  some  low  pressure  oxygen  systems 
to  show  cylinder  or  system  pressure.    This  will  depend  on  the  type 
of  regulator  that  is  used.    Some  regulators  have  a  pressure  gage  built 
in  them.    One  of  the  indicators  used  is  the  K--1  bourdon  tube-operated 
type.    The  bourdon  tube  is  hollow  and  in  the  shape  of  a  "C."  Pressure 
put  on  the  inside  of  the  tube  will  try  to  straighten  it  ou.     The  pointer 
is  linked  through  levers  to  the  bourdon  tube.    The  dial  fa^o  is  marked 
off  in  50  psi  graduations  and  the  0-lGO  psi  rangr^  is  lined  out  to 
attract  attention  to  these  pressure  readings.    Most  gages  have  a  red 
mark  on  the  glass  cover  at  450  psi  to  point  out  the  maximum  service 
pressure.    The  gage  is  found  in  the  cockpit  in  a  readily  visible  location. 


Check  the  following  statement /s  that  are  true. 


1.  The  K-1  pressure  gage  is  bourdon  tube-operated. 

2.  Some  regulators  have  a  pressure  gage  built  in. 

3.  The  K-1  pressure  gage  is  electrically  operated. 

4.  The  pointer  is  connected  through  levers  to  the  bourdon 
tube. 

5.  Pressure  in  the  hollow  bourdon  tube  tends  to  straighten 
it  out  and  deflects  the  needle. 

11.73 


Answers  to  Frame  7:        /I.        /  2. 


3.        /    4.       /  5. 


Frame  8 


A  separate  flow  indicator  is  used  in  some  low  pressure  oxygen 
systems  to  show  that  oxygen  is  flowing  through  the  regulator.  Some 
regulators  have  a  flow  indicator  built  in  them.    The  A-3  flow  indicator 
is  the  type  used  as  a  separate  flow  indicator.    The  A~3  indicates 
by  a  blinking  action  when  the  user  inhales  through  the  oxygen  mask. 
The  blinker  "eye"  is  actuated  by  a  diaphragm  in  the  unit.    The  flow 
indicator  does  not  show  how  much  oxygen  is  flowing  or  that  the  user 
is  getting  enough  oxygen,  it  just  tells  the  user  that  he  is  receiving 
a  flow. 


Check  the  following  statement/s  that  are  true . 

1.  The  A-3  indicates  oxygen  flow  through  the  regulator. 

2.  "Blinker"  is  the  correct  name  for  the  A-3. 

3.  The  blinker  eye  operates  from  a  diaphragm. 

4.  Some  regulators  have  a  built  in  flow  indicator. 

5.  The  A-3  does  not  indicate  the  amount  of  oxygen  flowing. 


A-3  Flow  Indicator 
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Answers  to  Frame  8:       /    1.   2.       /_3.       /    4.       /  5 


Frame  9 


Shovm  Is  a  low  pressure  oxygen  system  with  all  the  units  that 
have  been  covered  m  the  text.    This  system  uses  the  D-2  shatterproo 
cylinder,  various  style  check  valves,  number  5  aluminum  tubing,  low 
pressure  filler  valve,  flow  indicator,  and  pressure  gage.    The  size 
and  amount  of  cylinders  used  depends  upon  the  need  of  the  particular 
aircraft  that  the  system  is  used  on. 


NO  RESPONSE  REQUIRED 


ERIC 
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Answer  to  Frame  9:    None  Required, 


Frame  10 


The  high  pressure  oxygen  system  has  the  same  principle  of  operation 
as  the  low  pressure  system.    Its  one  advantage  is  that  more  oxygen 
can  be  stored  in  a  smaller  space;  however,  the  oxygen  is  stored  at  a 
high  pressure  (1,800  psi) .    The  same  maintenance  procedures  and  safety 
rules  apply  to  both  the  high  and  low  pressure  oxygen  systems.  Care 
must  be  taken  when  opening  lines  in  a  high  pressure  system.    Make  sure 
they  have  been  drained  to  prevent  possible  body  damage  from  the  high 
pressure.    High  pressure  gaseous  oxygen  systems  are  not  widely  used, 
but  they  will  be  your  responsibility. 

Check  the  following  statement /s  that  are  true, 

 ^1.      More  oxygen  can  be  stored  in  a  smaller  space  using  a  high 

pressure  system, 

 2.      High  pressure  oxygen  is  particularly  dangerous, 

 3,      High  pressure  oxygen  systems  are  widely  used, 

 ^4,      In  general,  the  same  safety  precautions  apply  to  low  and 

high  pressure  systems. 
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Answers  to  Frame  10; 


/I.        /  2. 


3. 


/  4. 


Frame  11 


Find  these  listed  units  in  the  illustration  shown:    the  high  pres- 
sure filler  valve,  the  pressure  reducing  valves,  the  system  shutoff 
valves,  the  pre.ssure  gages,  and  the  cylinder  connection  points.  The 
check  valves,  which  are  not  shown,  are  the  next  items  in  the  plumbing, 
fhese  items  and  the  plumbing  will  be  covered  in  this  text* 


OXYGEN  FILIER  VAIVE 

0 


OXYGfN  REGULATOR 

0 

(TYPICAL) 

NO  RESPONSE  REQUIRED 


© 


0 


TANK  PRESSURE  GAGES 

B 
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Answer  to  Frame  11:    None  Required • 


Frame  12 

Study  this  sivnplified  diagram  of  the  same  system  that  was  given 
in  the  last  frame.    Note  the  two  separate  systems.    The  two  cylinders 
shown  on  the  lift  side  of  the  system  supply  the  oxygen  to  the  regu- 
lators on  that  side.    The  left  side  has  its  own  system  shut  off  valve 
pressure  reducer  valve >  and  cylinder  pressure  gage.    The  right  side 
has  two  pressure  reducing  valves  that  are  hooked  in  parallel.  The 
cylinders  for  both  sides  are  filled  from  a  common  filler  valve. 


RECHARGER  ASSY 
(TYPICAL) 


OO 


^  PRESS.  REDUCER 

VALVE  (1800  PSI -  400  PSl) 

dD  SHUT-OFF  VALVE 
^  CHECK  VALVE 


OO 


OXYGEN  REGULATOR 


OVERBOARD 
VENT 


X 


PORTABLE 
OXYGEN  BOTTLE 
(TYPICAL) 


OO 


1800  PSI  GAGES 


FILLER  VALVE 


OO 


OO 


OO 


1  OVERBOARD 

VENT 


f  •  AuroMAnc 

VAtVE 

(TYPICAL) 


1 


OXYGEN 
CYLINDER  ASSY 
(TYPICAL) 


Check  the  following  statement/s  that  are  true. 

1.      In  the  schematic  shown,  there  are  two  separate  high  pres- 


2. 
J. 
4. 


sure  systems. 

All  cylinders  are  filled  from  a  conmon  filler  valve. 
The  components  are  completely  different  in  each  system. 
The  right  hand  side  has  two  pressure  reducing  valves  in 
parallel. 
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Answers  to  Frame  12: 


/  1, 


/  2. 


3, 


/  4. 


Frame  13 


The  high  pressure  oxygen  cylinders  are  made  of  forged  seamless 
steel  and  are  wire-wrapped  to  make  them  shatterproof.    The  service 
pressure  for  the  cylinders  is  from  1,800  to  1,850  psi.    These  high 
pressure  cylinders  are  painted  green.    An  automatic  valve  is  put  on 
the  release  end  of  the  cylinder  to  let  the  cylinder  be  removed  without 
discharging,  for  maintenance  on  the  system,    A  fusible  safety  plug 
is  in  the  automatic  valve  to  dump  pressure  if  the  temperature  gets 
between  208°  and  220°F,    A  hydrostatic  test  is  required  on  these  high 
pressure  cylinders  every  five  years  to  determine  their  condition,  fhe 
test  date  is  stamped  on  the  neck  of  the  cylinder. 


CYLINDER 
386  CU  IN. 

Painted 
i  Green 


AUTOMATIC 
VAIVE 


safety  plug 


High  Pressure  Cylinder 


Check  the  following  statement /s  that  are  true. 
_1.      1^850  psi  would  be  the  maximum  service  pressure, 


High  pressure  cylinders  are  wire-wrapped  to  make  them 
shatterproof. 


3.  All  high  pressure  cylinders  are  painted  green. 

4.  The  automatic  valve  allows  the  cylinder  to  be  removed  with- 
out discharging. 

5.  A  fusible  plug  is  built  into  the  automatic  valve. 

6.  The  high  pressure  cylinders  are  made  of  aluminum. 

7.  The  fusible  safety  plug  will  melt  at  a  temperature  of  208° 
to  220°F. 


o 
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Answers  to  Frame  13:       /    1.       /   2.       /    3.       /    A.       /  5, 
6,       /  7. 


Frame  lA 

The  tubing  used  in  high  pressure  gaseous  oxygen  systems  is  either 
3/16-inch  or  5/16-inch  stainless  steel.    Aluminum  tubing  will  not  stand 
the  high  pressure.    The  high  pressure  stainless  steel  tubing  requires 
a  flareless  type  fitting  called  Ermeto  fitting.    The  fitting  consists 
of  a  sleeve  which  is  preset  on  the  end  of  the  txibing  before  the  tubing 
is  put  in  a  flareless  seat.    If  you  overtigjhten  an  Ermeto  fitting 
while  trying  to  stop  a  leak,  it  usually  will  leak  more.    A  torque 
wrench  should  always  be  used. 


Check  the  following  statement/s  that  a^e  true. 

1.  High  pressure  systems  vse  st^tinless  steel  tiibing. 

2.  Ermeto  fittings  are  flareless  fittings. 


3.  You  can  stop  an  Ermeto  fitting  from  leaking  by  increasing 
the  torque. 

4.  A  torque  wrench  should  always  be  used  on  an  Ermeto  fitting. 
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Answers  to  Frame  14:       /    1.       /  2. 


3.    _/  4. 


Frame  15 


The  high  pressure  filler  valve  is  hand  wheel  operated  and  sep- 
arates the  filler  connection  from  the  cylinders.    This  valve  must 
be  open  when  the  system  is  filled  with  oxygen  and  is  closed  at  all 
other  times.    The  filler  connection  is  used  to  hook  the  rcharging 
equipment  to  the  aircraft  system.    The  type  of  filler  valve  connection 
shown  in  one  illustration  is  flange  mounted  to  the  aircraft  and  in 
the  other  it  is  part  of  the  valve.    Because  of  the  high  pressure  used 
quick  disconnects  are  not  used  when  the  system  is  recharged.  The 
system  check  valves  serve  the  same  purpose  as  in  the  low  pressure 
oxygen  system,  but  are  made  to  stand  higher  pressures.  Remember, 
check  valves  stop  a  reverse  flow. 


7^ 


■FUlW  r-GROUNO  SUPPLY 
VAIV£     \        HN£  mf) 


FILLER 
FITTING 


^  FILLER 

Conn 


Check  the  following  statement/s  that  are  true. 
_^1.      The  filler  valve  is  opened  only  for  filling  the  system. 


_2.      Quick  disconnects  are  used  when  recharging  high  pressure 
systems . 

_^3.  The  filler  valve  separates  the  filler  connection  and  cylinders, 
3.      The  check  valves  are  used  to  prevent  reverse  flow. 
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Answers  to  Frame  15:        /  1. 


2.       /    3.       /  4. 


Frarae  16 

A  separate  pressure  reducing  valve  is  used  in  high  pressure  oxy- 
gen systems  to  drop  the  cylinder  pressure  from  1,800  psi  to  300  to 
400  psi  before  it  goes  in  the  regulator.    This  valve  has  a  relief 
section  that  vents  the  pressure  overboard  if  the  reducing  section 
fails  to  work.    This  is  a  safety  feature  to  stop  the  regulators  from 
rupturing  if  the  valve  fails  to  work.    The  major  parts  are  a  metal 
diaphragm  and  a  coil  spring  assembly. 


Check  the  following  statement /s  that  are  true. 


1.  The  pressure  reducer  drops  the  cylinder  pressure  from  1,800 
psi  to  between  300  to  400  psi. 

2.  If  the  pressure  reducing  valve  malfunctions  and  the  relief 
valve  vents  the  pressure  overboard,  the  regulator  will  rupture. 

3.  The  major  parts  of  a  pressure  reducer  valve  are  a  metal  dia- 
phragm and  a  coil  spring  assembly. 

4.  The  pressure  reducer  valve  contains  a  relief  section. 


ERLC 


161182 


Answers  to  Frame  16:       /  1. 


2-       /   3,       /  4. 


Frame  17 


The  system  shutoff  valve  used  in  the  high  pressure  oxygen  system 
is  placed  between  the  cylinders  and  the  pressure  reducing  valve.  This 
is  a  manual  hand  wheel  operated  valve  that  is  normally  safety-wired 
to  the  open  position.    In  case  of  an  emergency  this  valve  can  be  closed 
to  isolate  the  distribution  system  from  the  cylinders.    It  can  also 
be  used  when  maintenance  is  done  on  the  system.    The  valve  should 
always  be  left  in  the  open  position  and  safety-wired.    The  position 
that  the  shutoff  valve  is  in  (on  or  off)  can  be  seen  through  a  window 
in  the  top  of  the  control  knob. 


Ljd  PRESS.  REDUCER 

VALVE  (1800  PSI  -  400PS1) 

({[)  SHUT-OFF  VALVE 

^   CHECK  VALVE 


OO    OXYGEN  REGULATOR 


OVERBOARD 
VENT 


1800  PSI  GAGES 
00 


REFILL  VALVE  ~  - 

Check  the  following  statement /s  that  are  true. 
J..      The  system  shutoff  valve  is  hand  wheel  operated, 
_2.      The  shutoff  valve  is  always  closed. 


_3.      The  shutoff  valve  is  located  between  the  cylinders  and 
pressure  reducing  valve. 

^4.      The  valve  is  normally  in  the    pen  position  and  safety-wired. 
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Answers  to  Frame  17:       /  ^1. 


2.       /    3,       /  4. 


Frame  18 


A  pressure  gage  is  used  to  show  cylinder  pressure.    Some  air- 
craft have  two  systems  and  both  pressure  gages  are  shown.    Keep  in 
mind  that  this  is  cylinder  pressure  and  not  reduced  pressure.  The 
gage  is  tapped  into  the  syteem  before  the  pressure  reducing  valve. 
The  gage  is  bourdon  tube  operated  and  reads  from  0  to  2>000  psi,  with 
increments  of  200  psi  marked  off  on  the  dial.    The  regulator  that 
is  used  on  the  C-130  aircraft  has  a  flow  indicator  built  in  to  let 
the  user  know  that  oxygen  is  flowing  through  the  regulator.    When  the 
user  takes  a  breath  of  oxygen,  a  "flag"  attached  to  a  diaphragm  shows 
through  a  glass  window  on  the  face  of  the  regulator. 


TANK  PRESSURE  GAGES  OXYGEN  REGULATOR 

Check  the  following  statement /s  that  are  true. 


1.  The  pressure  gage  indicates  cylinder  pressure. 

2.  The  diagram  above  shows  two  separate  pressure  gages. 

3.  The  flow  indicator  on  the  C-130  is  part  of  the  regulator. 


4.      The  flow  indicator  on  the  C--130  is  the  A~3. 


5.      The  pressure  gage  is  bourdon  tube-operated. 
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Answers  to  Frame  18:        /   1,       /    2>       /  3. 


4.       /  5, 


Frame  19 


Match  the  letter  shown  at  each  component  with  the  correct  name 
of  that  component  from  the  list  below. 


RECHARGER  ASSY, 
(TYPICAL) 


I  PORTABLE 

OXYGEN  BOTTLE 
'  (TYPICAL)  ---v 


FLOW 

I  J  OXYCCN 


VtNT 


(J) 


-©- 


0 


1,  Oxygen  Filler  Valve 

2.  System  Shutoff  Valve 
Oxygen  Flow  Indicator 

4,      Pressure  Reducing  Valve 


6.  Oxygen  Filler  Connection 

7.  Automatic  Valve  Assembly 


8,      Cylinder  Pressure  Gage 


9 .      Check  Valves 


_^5*      Stainless  Steel  Tubing 


^10.      High  Pressure  Cylinders 


Answers  to  Frame  19*       C    1.       H    2.       A    3.       J    4«       E  5« 
F    6.       D    7.       B_8.       I    9.        G  10. 
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OBJECTIVE 


Relate  four  of  five  demand  oxygen  system  components  to  their 
operation. 


This  programmed  text  presents  material  in  small  steps  called 
"frames."    After  each  frame  you  will  find  a  number  of  statements  and 
you  are  asked  to  select  the  statement/s  that  are  true*    Read  the 
material  in  each  frame  before  making  a  selection.    The  answers  to  each 
frame  can  be  found  at  the  top  of  the  next  page.     If  you  select  the 
correct  answers,  continue  to  the  next  frame.     If  you  are  wrong  or  in 
doubt,  read  the  material  again  and  correct  yourself  before  continuing. 


Supersedes  3ABR42331-PT-4018,  3  August  1978. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  DAV  -  1 


INSTRUCTIONS 


Frame  ^ 


In  the  illustration  below,  D-2  low  pressure  gaseous  oxygen 
cylinders  are  being  used  in  the  supply  section  of  this  system.    Do  we 
call  this  a  gaseous  oxygen  system?    No.    Oxygen  systems  are  usually 
referred  to  by  the  type  of  regulator  installed  In  the  distribution 
section  of  the  system.    The  system  shown  has  the  A~12A  diluter  DEMAND 
regulator  installed  and  we  call  this  a  DEMAND  oxygen  system.     li:  the  IV 
system  below  has  a  continuous  flow  regulator  installed,  it  would  be 
referred  to  as  a  continuous  flow  system,  etc.     Other  components  of  the 
demand  system  are  the  A-IA  demand  mask,  A~3  flow  indicator,  K-1  pressure 
gage,  and  the  mask-to-regulator  hose. 


DEMAND  OXYGEN  SYSTEM 


Check  the  following  scatements  that  are  true. 

1.  Usually  an  oxygen  system  ic  referred  to  by  the  type  of  regulator 
installed. 

2.  The  A-12A  regulator  is  the  diluter  demand  type. 

3.  The  A-12A  regulator  is  used  only  with  liquid  oxygen  systems. 
A*       The  A~1A  demand  mask  is  used  with  "\e  A-12A  regulator. 
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Answers  to  Frame  1:    !•  /      2,  / 


3. 


Frame  2 

The  A-12A  diluter  demand  regulator  gets  xcs  name  from  the  fact  that  it 
delivers  oxygen  to  your  lungs  in  response  to  the  suction  of  your  own  breath, 
that  is,  on  demands    To  prolong  the  duration  of  the  supply,  the  oxygen  is 
automatically  diluted  (mixed)  in  the  regulator  with  suitable  amounts  of  air 
up  to  a  certain  altitude.    The  A-12A  is  one  of  the  oldest  o^^gen  regulators 
in  use  and  we  will  discuss  it  first  because  the  newer  regulators  are  pat- 
terned after  the  A-12A;  this  will  become  apparent  as  we  continue.    For  a 
better  understanding  of  the  A-12A,  mentally  match  the  list  cf  components  with 
the  numbers  in  the  arrowed  circles. 


HACK  Allows  INDICATE  OXYGEN. 
WHITE  Allows  INDICATE  All. 


i-4ta 


1. 
2. 
3. 
4. 
5. 


Air  Metering  Port. 
Diluter  Control  Cam. 
Emergency  Valve. 
Demand  Diaphragm. 
Check  Valve. 


6.  Pressure  Reducing  Valve. 

7.  Demand  Valve. 

8.  Aneroid. 

9.  Oxygen  Metering  Port. 
10.  2nd  Stage  Relief  Valve. 


Type  A-12A  Diluter  Demand  Oxygen  Regulator  (Aro) . 

Check  the  following  statements  that  are  true. 

1.  The  A-12A  delivers  o^^gen  on  demand. 

2.  The  A-12A  delivers  100%  oxygen  at  all  times. 

3.  Air  is  mixed  with  the  oxygen  in  the  regulator  up  to  a  certain 
altitude. 
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Answers  to  Frame  2:      1.  2.  3.  ^ 


ERIC 


Frame  3 

As  we  have  stated,  the  A-12A  is  a  diluter  demand  regulator.  This 
J  simply  means  that  air  and  oxygen  are  mixed  (diluted)  and  supplied  to  the 
I  user  when  he/she  inhales  (demands)  oxygen.    When  the  user  inhales,  he/she 
1  closes  a  valve|  in  the  mask  and  opens  a  valve  in  the  regulator.    When  he/ 
'  she  exhales,  this  process  is  reversed.    Starting  where  the  oxygen  enters 
J  the  regulator  from  the  supply  section  you  find  the  pressure  reducing 
•  mechanism.    The  pressure  reducing  valve  (6)  is  attached  through  levers  to 
.a  rubber  diaphragm.     (See  schematic.)    As  the  pressure  of  the  oxygen 
increases  in  this  first  stage  chamber,  it  forces  the  diaphragm  down  and 
the  attached  lever  closes  the  pressure  reducing  valve  (6).    AO  to  60  psi 
\  on  the  diaphragm  closes  the  valve  and  it  remains  closed  until  the  pressure 
1  drops  from  the  oxygen  being  used.    Note  the  spring  attached  to  the  center 
^of  the^  diaphragm  will  also  help  pull  it  up  which  will  open  the  valve. 


1. 
2. 
3. 
A. 
5. 


OXYOEN 
OOES  IN 
HERE 


t-413 


Air  Metering  Port. 
Diluter  Control  Cam. 
Emergency  Valve. 
Demand  Diaphragm. 
Check  Valve. 


6. 
7. 
8. 
9. 
10. 


Pressure  Reducing  Valve. 
Demand  Valve. 
Aneroid, 

Oxygen  Metering  Port. 
2nd  Stage  Relief  Valve. 

Type    A-12A  Diluter  Demand  Oxygen  Regulator  (Aro) . 


Check  the  following  statements  that  are  true. 

1.  AO  to  60  psi  closes  the  pressure  reducing  valve. 

2.  The  user  does  not  have  to  inhale  to  get  oxygen  from  the  A-12A. 

3.  First  stage  reducing  is  AO  to  60  psi. 


1191 


Answers  to  Frame  3:         1.    /      1.  3.  / 


Fraine  4 

We  now  have  40  to  60  psi  In  the  first  stage  chanter.    Hie  only  way  for 
the  oxygen  to  gee  out  of  here  is  up  around  the  demand  valve  (7).  (See 
scUematicO    The  demand  valve  (7)  Is  controlled  through  levers  attached  to  the 
demand  diaphragm  (4),    The  demand  diaphragm  is  controlled  in  turn  by  the 
breathing  of  the  user.    Cabin  pressure  acts  on  the  upper  side  of  the  demand 
diaphragm  (4)*    As  the  user  inhales  oxygen  Is  drawn  from  the  bottom  side  of 
the  diaphragm.    This  allows  cabin  pressure  to  force  the  diaphragm  down.  The 
connecting  levers  then  open  the  demand  valve  (7)  and  more  oxygen  is  allowed 
in  the  upper  or  2nd  stage  chamber.    Once  the  2nd  stage  chamber  pressure  equals 
the  cabin  pressure,  oxygen  pressure  raises  the  diaphragm  enough  to  close  the 
demand  valve.    The  above  sequence  is  the  way  1st  stage  pressure  is  reduced 
for  pilot  use. 


Check  the  following  statements  that  are  true. 

1.  The  demand  valve  is  controlled  by  the  demand  diaphragm. 

2.  The  demand  diaphragm  is  controlled  by  the  user. 

3.  Oxygen  enters  the  second  stage  chamber  through  the  demand  valve. 

4.  The  demand  diaphragm  directly  controls  the  pressure  reducing 
valve. 
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Answers  to  Frame  A:    1.  / 


/       3-  / 


4. 


Frame  5 

When  the  user  Inhales  (demands  oxygen)  the  oxygen  leaves  the  2nd  stage 
chamber  thorugh  the  oxygen  metering  port  (9),  and  travels  to  th'i  user  In  the 
mask-to-regulator  hose.    At  the  same  time,  cabin  air  is  allowed  to  mix  with 
(dilute)  the  ojqrgen.    The  air  enters  through  the  check  valve  (5);  then 
a  specified  amount  is  metered  through  the  air  metering  port  (1),    Note  that 
the  oxygen  metering  port  and  air  metering  port  are  attached  to  a  common  lever 
which  moves  up  or  down.    The  diluter  control  cam  (2)  has  two  positions  which 
are  selected  by  the  diluter  lever ,  (see  illustration).    With  the  diluter  lever 
positioned  to  "normal  oxygen,"  the  aneroid  (8)  will  control  the  movement  of 
the  common  lever.    And  as  cabin  altitude  increases,  the  aneroid  will  expand  an 
gradually  close  off  tho  air  metering  port.    At  32,000  feet  the  air  metering 
port  will  be  completely  closed  an^  th^  user  will  get  100%  oxygen  automatically 


R~48S 


OllUTCR  UVCR 


1. 

Air  Metering  Port. 

6. 

Pressure  Reducing  Valve. 

2. 

Diluter  Control  Cam. 

7. 

Demand  Valve. 

3. 

Emergency  Valve. 

8. 

Aneroid. 

4. 

Demand  Diaphragm. 

9. 

Oxygen  Metering  Port. 

5. 

Check  Valve. 

10. 

2nd  Stage  Relief  Valve. 

Check 

the 

following  statements  that 

are 

true. 

1. 

Up 

to  32,000  feet,  air  and  oxygen 

are  mixed. 

2. 

The 

check  valve  (5)  shuts  off  the  air  at  32,000  feet. 

4. 


With  the  diluter  lever  in  normal  oxygen,  the  aneroid  controls  the 
air. 

Above  32,000  feet,  the  user  automatically  gets  100%. in  the 
normal  oxygen  position. 


erJc 
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Answers  to  Frame  5:    1.    /  2. 


3. 


Frame  6 


As  we  have  stated,  with  the  diluter  lever  in  "NORMAL  OXYGEN  "  the 
tf^nn"^/^^  will  control  the  amount  of  air  entering  the  -regulator  and  at 
32,000  feet  it  closes  air  metering  port.    When  the  diluter  lever  is  manually 
placed  in  the  "100%  OXYGEN"  position,  the  diluter  control  cam  (2)  swings  doL 
as  indicated  in  the  schematic  and  engages  a  strip  of  metal  attached  to  the 
common  lever  and  forces  the  lever  down.    This  action  overrides  the  aneroid 
^^i^'^n^r  °"         ^^"^  metering  port  (1).    This  action  supplies  the  user 
with  1004  oxygen  anytime  he/she  so  desires. 


OIlUTEt  ICVEK 


1. 

Air  Metering  Port. 

6. 

2. 

Diluter  Control  Cam. 

7. 

3. 

Emergency  Valve. 

8. 

4. 

Demand  Diaphragm. 

9. 

5. 

Check  Valve. 

10. 

Pressure  Reducing  Valve, 
Demand  Valve. 
Aneroid. 

Oxygen  Metering  Port. 
2nd  Stage  Relief  Valve. 


Check  the  following  statements  that  are  true. 

1-        The  diluter  lever  allows  the  user  to  select  100%  oxygen  at  anytime 
The  diluter  lever  moves  the  diluter  control  cam. 

The  diluter  lever  overrides  the  aneroid  when  placed  in  100%  oxygen. 
The  diluter  lever  controls  the  first  stage  reducing. 
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Answers  to  Frame  6: 


1..    yf     1.     ^       3.  / 


Frame  7 

The  only  section  of  the  A-12A  we  have  not  covered  is  the  EMERGENCY 
VALVE  (3),    This  is  a  hand-wheel  operated  valve  that  opens  an  orifice  as 
shown  in  the  schematic.    When  the  emergency  valve  (3)  is  turned  out, 
oxygen  will  flow  through  this  machined  orifice  in  a  continuous  flow  to 
the  user.    Should  pressure  build  up  in  the  regulator,  a  2nd  stage  relief 
valve  will  open  at  30  to  Al^  inches  of  water  pressure  to  relieve  it.  The 
emergency  valve  is  provided  in  case  the  regulator  malfunctions  or  the  user 
] is  unable  to  breathe  normally.    Remember,  the  normal  function  of  this 
regulator  requires  that  the  user  demand  (inhale). 


MASK 


OtlUTEft  LEVER 


1,  Air  Metering  Port. 

2,  Diluter  Control  Cam, 

3,  Emergency  Valve, 

4,  Demand  Diaphragm, 

5,  Check  Valve, 


6, 
7, 
8, 
9, 


Pressure  Reducing  Valve, 
Demand  Valve, 
Aneroid, 

Oxygen  Metering  Port, 


Check  the  following  statements  that  are  true, 

1,  The  emergency  valve  allows  the  user  to  get  a  continuous  flow  of 
oxygen, 

2,  The  2nd  stage  relief  valve  opens  at  30  to  41  inches  of  water 
pressure, 

3,  The  emergency  valve  will  open  automatically, 

4,  The  normal  function  of  the  A-12A  requires  the  user  to  inhale. 
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Answers  to  Frame  7:         1.    /       2.    /  .     3.  4.  / 


Frame  8 

SELF  TEST  QUIZ 

In  fcach  question,  circle  the  letter  that  identifies  the  correct  answer. 
Check  your  answers  on  the  top  of  the  next  page. 

1.  The  second  stage  relief  valve  in  the  A~12A  will  open  and  relieve  pres- 
sure at 

a.  cabin  pressure. 

b.  5  psi. 

c.  15  inches  of  mercury. 

d.  30  to  41  inches  of  water. 

2.  The  A-12A  oxygen  regulator  is  a 

a.  diluter  demand  regulator. 

b.  pressure  demand  regulator. 

c.  continuous  flow  regulator. 

d.  diluter  pressure  demand  regulator. 

3.  A  complete  oxygen  system  with  the  A-12A  regulator  installed  would  be 
referred  to  as  a 

a.  high  pressure  oxygen  system. 

b.  diluter  oxygen  system. 

c.  demand  oxygen  system. 

d.  low  pressure  oxygen  system. 

4.  The  pressure  reducing  mechanism  in  the  A-12A  oxygen  regulator  reduces 
cylinder  pressure  to 

a.  40  to  60  inches  of  water. 

b.  40  to  60  inches  of  mercury. 

c.  40  to  60  psi. 

d.  cabin  pressure. 

If  the  user  of  the  A-12A  regulator  became  injured  or  for  some  other  reaso 
could  not  breathe  normally,  he  would 

a.  put  the  diluter  lever  in  "normal  oxygen." 

b.  use  a  walk-around  bottle. 

c.  open  the  emergency  valve. 

d.  place  the  diluter  lever  in  "100%  oxygen." 

In  the  A-12A  demand  regulator,  the  demand  diaphragm  opens  and  closes 
the  demand  valve  in  direct  response  to 

a.  atmospheric  pressure. 

b.  the  setting  of  the  diluter  lever. 

c.  the  aircraft  altitude. 

d.  the  breathing  of  the  user. 

10 
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Answers  to  Frame  8:    1.    __d_     2.      a       3.      c       4.      c       5.      c       6.  d 


Frame  9 

INSTRUCTIONS:    Place  the  letter  in  the  diagram  that  corresponds  to  the 


1. 

Air  Metering  Port 

6. 

Pressure  Reducing  Valve 

2. 

Diluter  Control  Cam 

7. 

Demand  Valve 

3. 

Emergency  Valve 

8. 

Aneroid 

A. 

Demand  Diaphragm 

9. 

Oxygen  Metering  Port 

5. 

Check  Valve 

10. 

Diluter  Lever 

11. 

Relief  Valve 

Type  A-12A  Diluter  Demand  Oxygen  Regulator  (Aro) . 
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Answers  to  Frame 

1.  _Ji_ 

2.  _G_ 

3.  _F_ 

4.  _D_ 

5.  _A_ 

6.  I 


7.  _H 

8.  _E 

9.  _C 

10.  _K 

11.  3 
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Frame  10 


The  A-IA  or  A-lAA  demand  mask  is  used  with  the  A-12A  demand  oxygen 
regulator.    The  demand  mask  has  a  single  outlet  valve  (1) .    This  is  a  one-way 
check  valve  consisting  of  a  circular  flap  of  rubber  which  opens  the  outlet 
when  the  user  exhales  and  closes  it  when  he  inhales  •    Proper  regulator  operat; 
depends  upon  how  well  the  mask  fits  and  how  well  it  is  functioning •  Cbqrgen 
masks  are  normally  maintained  by  Personal  Equipment  Specialists  and  by  the 
user.    Knowing  how  they  function  will  help  you  understand  more  clearly  the 
oxygen  regulators. 


A-14A  Demand  Mask, 


Check  the  following  statements  that  are  true. 


1. 


The  A-14  mask  has  a  single  outlet  valve. 


2. 


Regulator  operation  is  affected  by  the  mask. 


3. 


The  demand  mask  is  used  with  a  demand  regulator. 


Any  mask  can  be  used  with  any  regulator. 


V 
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Answers  to  Frame  10:    1.   /        2,  3. 


Frame  11 

Another  part  of  the  demand  oxygen  system       the  flow  indicator  and 
pressure  gage.    These  two  indicators  are  located  close  to  the  oxygen 
regulator  and  should  be  clearly  visible  to  the  user.    The  A-3  flow 
indicator  is  diaphragm  operated  and  "blinks"  at  the  user  as  he/she 
breathes.    This  lets  the  user  know  that  oxygen  is  flowing  through  the 
regulator.    The  K-1  pressure  g^ge  ip  bourdon  tube  operated.    As  pressure 
inside  th^  tube  tends  to  straighten  ijt,  the^pointer  is  moved  through  a 
system  of  levers.    The  pressure  gage  lets  the  user  know  how  much  oxygen 
is  in  the  system  th^t  he/shje  i8  breathing  froii. 


1 

BLiNKER 

OXYGEN  rLO/» 

INDICATOR 

"my 


ft 


r 

0 

.    .  1 

f.»)  1 

> 

5S- 

md 


A.3     Flow  Indicator. 


K«l   Pressure  Gage. 


Check  the  following  statements  that  are  true. 

1.  The  K-1  pressure  gage  is  bourdon  tube  operated. 

2.  The  A-3  flow  indicator  operates  from  a  bourdon  tube. 

3.  The  flow  indicator  ''blinks"  as  the  user  breathes . 

4.  The  flow  indicator  and  pressure  gage  are  located  near  the  regulator. 
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Answers  to  Frame  11.    1,     /     2.    3.  /      4,  / 


Frame  12 

Shown  below  is  the  flexible  tubing  or  hose  used  to  deliver  the  oxygen 
from  the  regulator  to  the  mask.    The  plain  end  of  the  mask  to  regulator  tube  as- 
sembly (right  below)  is  clamped  to  the  outlet  elbow  of  the  demand  regulator. 
The  other  end\  of  the  hose  contai.ns  a  clothing  clip,  dust  cap,  and  female  part 
of  a  quick  disconnect.    The  male  part  of  the  quick  disconnect  is  attached  to 
hose  connected  to  the  demand  mask  (left  belcw) ,    A  leakproof  connection  is  made 
when  both  halves  of  the  quick  disconnect  are  joined. 


Check  the  following  statements  that  are  true. 

1.  One  end  of  the  mask  to  regulator  tube  has  a  clothing  clip  and 
a  dust  cap. 

2.  The  male  part  of  the  quick  disconnect  is  attached  to  the  mask  hose. 

3.  The  quick  disconnect  will  always  leak. 
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Answers  to  Frame  12:    1*     ^/^  1.      ^  3. 


Frame  13 


Other  than  the  station  regulators  like  the  A-12A,  regulators  are  also 
used  on  small  portable  cylinders  called  'Valk-around  bottles,"    These  bottles 
are  carried  on  the  larger  type  aircraft  where  crew  members  have  to  leave 
their  station  regulators  to  perform  various  duties  while  the  aircraft  is  in 
flight •    The  older  combination  A-13  demand  regulator  and  D-2  cylinder  will/ 
supply  03Qrgen  for  about  30  minutes  before  it  has  to  be  recharged  from  the 
aircraft  main  system.    The  A-13  demand  regulator  has  no  air  inlet  and  supplies 
100%  oxygen  on  demand.    The  D-2  cylinder  is  serviced  with  400  to  450  psi  of 
oxygen*    The  carrying  bag  is  used  with  this  combination  because  of  the  weight 
of  the  D-2  cylinder. 


Check  the  following  statements  that  are  true. 

1.  Walk-around  bottles  would  be  needed  on  fighter  aircraft. 

2.  '^.e  A-13  is  a  straight  demand  regulator. 

3.  The  D-2  cylinder  is  filled  from  the  aircraft  system* 

4.  The    A-13  regulator  supplies  100%  oxygen  on  demand • 


A^13 
Regulator 


J 
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Aiiswers  to  Frame  13:    1.  2.     /      3,     /      A*  / 


Frame  14 

The  regulators  used  on  walk-around  bottles  function  the  same  as 
station  regulators  (A-12A)  but  are  constructed  somewhat  different.    The  newer 
A-15  dlluter  demand  regulator  and  A-6  cylinder  are  also  part  of  the  demand 
oxygen {equipment.    All  portable  regulators  are  constructed  similar  to  the 
A-15  below  with  a  0  to  500  psi  pressure  gage,  direct  oj^gen  mask  connection, 
filler  fitting  and  clothing  clip.    The  A-15  has  an  air  inlet  which  tells  us 
it's  a  diluter  demand  type.    The  A  6  cylinder  is  not  as  heavy  as  the  D-2 
cylinder  previously  discussed  and  a  clothing  clip  is  provided  to  attach  it  to 
the  flying  suit  of  the  user.    The  A-6  is  also  serviced  to  A00-A50  psi.  The 
user  has  to  constantly  watch  the  pressure  gage  on  walk-around  bottles  and 
recharge  the  cgrlinder  before  it  is  empty. 


A- 15  Oxygen  Regulator. 


Check  the  following  statements  that  are  true> 

1.       The  A-15  is  a  portable,  diluter  demand  regulator. 

I.       On  walk-around  bottles,  the  cylinder  is  serviced  through  the 
regulators. 

3.  Portable  regulators  are  constructed  the  same  as  station  regulators. 

4.  The  above  unit  is  attached  to  the  clothing  of  the  user. 
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Answers  to  Frame  xA      !•     /      2.  3,  .  / 


Frame  15 

This  concludes  our  discussion  on  demand  oxygen  equipment.    The  equipment 
covered  in  this  text  will  be  available) in  the  classroom  or  oxygen  lab  for  you 
to  handle  and  inspect.    Remember,  oj^gen  equipment  is  depended  upon  by  the 
user  as  his  main  life  support  at  hi^  altitudes.    Failure  of  this  equipment 
for  a  15  second  period  may  be  fatal  to  the  tiser.    Also,  while  you  are  working 
with  and  handling  oxygen  and  equipment,  don't  forget  the  safety  precautions 
that  apply  to  oxygen. 

SELF  TEST  QUL. 

Circle  the  correct  answer  and  check  your  answer  on  the  next  page, 

1.       The  A-15  portable  regulator  differs  from  the  A~13  portable  regulator 
in  that  the 

a.  A-15  has  a  demand  function  only. 

b.  A-15  is  diluter  demand. 

c.  A-13  has  a  filler  fitting. 

d.  A-13  has  a  pressure  gage. 

2        The  tjrpe  of  oxygen  mask  used  with  the  A-12A  regulator  in  a  derand  oxygen 
system  is  the 

a.  A13  pressure  mask. 

b.  A14  demand  mask. 

c.  K-1  diluter  mask. 
d«       A-3  mask. 

3.  The  A-6  portable  cylinder  is  used  in  combination  with  the 

a.  A- 15  diluter  demand  regulator. 

b.  A-12A  pressure  regulator. 

c.  A-13A  diluter  regulator. 
d«  A-14  fixed  regulator. 

4.  The  A-13  and  A-15  oxygen  regulators  are 

a.  both  diluter  demand. 

b.  station  regulators  like  the  A-12A. 

c.  used  on  walk-around  bottles. 

d.  constructed  the  same  as  the  A-12A. 
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Answers  to  Frame  15:  !• 


2, 


3- 


Remember  Your  Oxygen  Safety 


Kttp  all  p«traitum  products  (oil*  grtost,  futi,  ttc)  away  from 
oxygtn  tquipmtnf. 

Makt  surt  that  body,  clothing,  and  prottctivs  tquipmtnt  or* 
cUon  ond  fret  of  p«troltum  products  (hair  oil  it  o  ptfroleum 
product)  b<fort  ptrlorming  mointvnonct  on  oxygtn  systtm. 


END  OF  TEXT 
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OBJECTIVE 


Relate  four  of  five  pressure  demand  oxygen  system  components  to 
their  operation. 


This  programmed  te::t  will  review  some  of  the  parts  taught  in  previous 
lesso:  s  on  gaseous  oxygen  systems  and  cover  in  depth  the  operation  of  the 
regulators  and  mask  that  make  the  system  a  pressure  demand  system.  In 
addition,  the  reason  the  pressure  demand  system  is  needed  is  explained. 

The  information  in  this  text  is  presented  in  small  steps  called 
frames.    After  each  frame  you  are  asked  to  respond  in  some  manner.  Read 
the  material  carefully,  then  make  your  response  as  directed.    The  answers 
for  the  responses  can  be  found  on  top  of  the  next  page.     If  you  answered 
correctly,  ^^ontinue  on  to  the  next  frame.     If  you  are  wrong  or  In  doubt, 
read  the  technical  material  again  and  correct  yourself  before  continuing. 


Supersedes  ST  3ABR42331-PT~401C,  15  March  1978, 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU~P  ~  1000;  TTVSA  -  1 


INSTRUCTIONS 


ERIC 


Frame  1 


The  dlluter  demand  regulator  sends  oxygen  or  oxygen  mixed  with  air 
to  the  user  on  demand  or  vn- n  he  breathes*    This  is  all  just  fine  until 
we  reach  a  height  of  about  40,000  feet.    From  40,000  feet  up,  the  human 
body  needs  oxygen  under  pressure  to  work  the  way  it  should.    At  sea 
Icv^el  pressure,  carbon  dioxide  and  water  are  stable  in  the  blood  stream 
and  oxygen  saturation  of  the  blood  is  100%,    At  low  atmospheric  pressure 
(high  altitude) ,  carbon  dioxide  and  water  vaporize  in  the  lungs  and 
pressure  builds  up  that  keeps  oxygen  f  om  entering  the  lungs.    By  adding 
pressure  to  the  oxygen  (pressure  breathing),  we  get  rid  of  this  pressure 
in  the  lungs  and  force  the  carbon  dioxide  out  and  force  oxygen  in^  Look 
at  the  chart  below  for  a  better  idea  of  the  equipment  required. 


ALTITUDE  AND  BLOOD  OXYGEN  SATURATION 

i  ^  2  s 


50,000  FT. 
45,000  FT. 
40,000  FT. 
35,000  FT. 
30,000  FT. 
25,000  FT. 
20,000  FT. 
15,000  FT. 
10,000  FT. 
5,000  FT. 


0,K, 

for  routine 
operation 


CAUTION 

short  periods 
only 


DANGER 

emergency  flying 
only 

yilTHOULPJ^ 
14,000 


EXTREME 
DANGER! 


OXYGEN  SATURATION:  95%  90% 

85% 

80% 

SYMPTOMS  AT  " 

<t 

VARIOUS  OXYGEN  UNDETECTABLE 

UNDUE 

ERRORS  OF 

SERIOUS 

SATURATIONS:  HYPOXIA 

FATIGUE 

JUDGMENT 

HANDICAP 

Using  the  chart  above  to  determine  the  approximate  altitude  for  each 
of  the  questions  v;ritten  below.    Place  your  answer  in  the  blank  provided. 


1,      What  is  the  limit  of  a  demand  oxygen  regulator? 

2*      \^at  is  the  safe  limit  a  person  can  reach  without  oxygen 
equip*iient? 


_3.      At  what  altitude  is  a  pressure  suit  desirable? 

4.      How  high  can  a  pilot  safely  fly  with  a  pressure  breathing 
system? 


ERIC 


Answers  to  Frame  1:    1*     40,000    2.     10,000    3,    45,000    4,  44,000 


Frame  2 

With  pressure  breathing,  as  shown  in  the  chart  in  the  past  frame, 
we  are  safe  up  to  a  height  of  about  50,000  feet.    Above  this  height,  the 
carbon  dioxide  and  water  vapor  pressure  will  rise  to  a  point  where  any 
more  of  an  increase  in  oxygen  pressure  would  damage  the  lungs.  Also, 
above  50,000  feet,  a  pressure  suit  is  needed  in  case  cabin  pressure 
is  lost.    Without  any  pressure,  blood  will  boil  at  60,000  feet,  so 
you  can  see  the  need  of  this  equipment.    Now  that  you  know  why  we  need 
pressure  breathing,  let  us  talk  about  some  of  the  regulator'^  that  make 
up  a  pressure-demand  system.     Shown  below  is  a  complete  oxygen  system 
with  the  A-14  pressure  demand  regulator  used.    Note  that  the  change 
found  between  this  system  and  the  straight  demand  system  is  in  the 
regulator  and  mask  used.    The  A-14  is  a  pressure  demand  regulator  and 
the(  A-13A  is  a  pressure  demand  mask. 


D  2  CYUNDER 


Check  the  following  statements  tha:  are  true. 
1.      The  A-14  is  a  pressure  demand  oxygen  regulator, 
1.      The  A-12A  regulator  can  be  used  above  50,000  feet, 
3*      Above  50,000  feet,  a  pressure  suit  is  essential, 
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Answers  to  Frame  2:        /  !♦ 


Frame  3 

Take  a  look  at  the  difference  between  the  A-14  (top)  and  the  A-12A 
(lower)  regulators.    If  you  place  your  finger  over  the  top  section 
of  the  A-IA  you  will  see  that  we  have  an  A-12A  regulator  again,  except 
for  the  EMERGENCY  VALVE  (13)  on  the  A-12A.    One  of  the  settings  on 
the  A-IA  dial  will  serve  as  an  emergency  setting.    Keep  in  mi  ad  when  we 
talk  about  the  A-14  regulator  that  except  for  the  pressure  breathing 
section  located  on  top,  this  regulator  will  work  the  sai^.c  way  <xs  the 
A-12A.    Match  all  the  parts  listed  below  with  the  A-14  regulator. 


1 
2 
3 
4 
5 
6 
7 
8 
9 

*10 
*11 
*12 
**13 


Pressure  Reducing  Valve 
Demand  Valve 
Oxygen  Metering  Valve 
Air  Valve 
Check  Valve 
Diluter  Valve 
Diaphragm 
Aneroid 

Demand  Diaphragm 
Pressure  Breathing  Lever 
Pressure  Breathing  Gear  Train 
Pressure  Breathing  Control  Knob 
Emergency  Valve 


OXYGEN 
JNLET 


*A-14 


**A-12A 


No  Response  Required 
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Frame  4 


The  A-14  regulator  is  a  pressure-breathing,  diluter-demand 
regulator.     The  diluter  lever  works  the  diluter  control  cam  (6),  In 
the  100%  oxygen  position,  the  diluter  control  cam  will  press  down  on 
the  metal  strip  hooked  to  the  common  lever  and  close  the  air  valve  (4), 
The  regulator  is  now  delivering  100%|oxygen,    With  the  diluter  lever 
in  the  NORMAL  OXYGEN  position,  the  air  is  controlled  by  the  aneroid 
(8)  up  to  32,000  feet  at  which  time  it,  the  air  valve  (4),  will  be 
closed  off  (same  as  the  A-12A) .    Match  the  part  name  with  the  number 
in  the  arrowed  circles  for  a  better  understanding. 


GOES  TO  MASK 


A- 14  PRESSURE-BREATHING  DILUTER- DEMAND  REGULATOR 


1.  Pressure  Reducing  VAlve  7. 

2.  Demand  Valve  8. 

3.  Oxygen  Metering  Valve  9. 

4.  Air  Valve  10, 
5-  Check  Valve  11, 
6*  Diluter  Control  Cam  12, 


Diaphragm 
Aneroid 

Pressure  Breathing  Lever 
Denand  Diaphragm 
Pressure  Breathing  Gear  Train 
Pressure  Breathing  Control  Knob 


Place  the  number  of  the  part  in  the  blank  space  next  to  the  statement 
that  best  describes  its  operation/use ♦ 

 a.      Worked  by  the  diluter  lever ♦ 


The  diluter  control  cam  presses  on  a  metal  strip  attached  to 
the  common  lever  and  closes  this  valve. 


Controls  the  air  up  to  32,000  feet  with  the  diluter  lever 
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Answers  to  Frame  A:       6    a.    _Ab.       8  c. 


Frame  5 

Jfhe  pressure  breathing  control  knob  or  selector  dial  on  the  A-IA 
has  six  (6)  positions  that  the  user  can  choose  from  as  he  goes  from  sea 
level  to  above  A5,000  feet.    As  shown  in  the  regulator  sketch  below, 
the  dial  is  hooked  to  a  gear  train  which  in  turn  will  crank  down  the 
spring  lever  and  force  the  demand  diaphragm  to  open  the  demand  valve • 
The  first  column  in  the  chart  shown  lists  the  six  different  settings. 
In  NORMAL,  no  pressure  is  placed  on  the  demand  diaphragm  and  the  A-IA 
will  work  the  same  as  the  A-12A,    The  second  column  lists  the  altitude 
at  which  each  setting  should  be  used,  and  the  third  column  lists  the 
pressure  that  is  sent  to  the  mask,     (Note:    On  the  dial  setting,  "M" 
=  thousands).     In  case  of  emergency,  the  setting  "ABOVE  A5M"  is  used. 


DIAL  srmNO 

DEUVEREO  MESSUK 

NOftMAl 

0 

30.000 

NO  r«ES$U»E 
SAME  AS  A.12A 

SAFETY 

30^ 
3f^ 

o.04rsi 

41M 

41.000 

0.15^ 

43M 

41X>00 
43^ 

0.31  PSI 

4SM 

43,000 
43^ 

0.39PSt 

AlOVE  4SM 
EMERGENCY 

043m 

SftlNO  lEVER 


OIAI 


DEMAND  DIAfHftAOM 

n  ■ 


R-SO} 


PRESSURE  SETTINGS  AI^D  PRESSURE  DELIVERED, 

Refer  to  the  chart  above  to  complete  each  of  the  following 
statements. 


1,      The  emergency  setting  on  the  A-IA  regulator  delivers 
PSI  to  the  mask. 


2,      The  safety  setting  will  be  used  at  altitudes  between 
and 


to 


3,      At  the  43M  setting 


PSI  is  delivered  to  the  mask. 


A,      At  39,000  feet  the  dial  setting  should  be  changed  from  SAFETY 
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Answers  to  Frame  5:     1*    0.43    2,  30,000  ft,  39,000  ft    3,  0.21 

4.  41M 


Frame  6 

The  first  schematic  below  shows  operation  at  sea  level.    The  dial 
would  be  set  at] "NORMAL."    Anytime  that  the  regulator  is  not  being  used 
it  must  be  set  on  "NORMAL"  or  else  spring  tension  on  the  demand  diaphragm 
will  drain  the  system.    Study  all  of  the  schematics  and  read  the  infor- 
mation that  tells  just  what  is  taking  place. 
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Frame  7 


Place  the  letter  of  the  sketch  in  the  blank  space  next  to  the 
situation  it  matches* 

You  will  only  breathe  air  because  the  air  valve  is  open  and 
the  oxygen  valve  is  closed* 

The  regulator  will  provide  you  with  100%  oxygen  because  the 
air  valve  is  closed  and  the  oxygen  valve  is  open* 


Answers  to  Frame  7:  ^  ^  2.  B 
Frame  8 


Place  the  letter  of  the  sketch  in  the  blank  space  next  to  the 
situation  it  matches. 


As  you  breathe  out  you  push  the  diaphragm  against  the  spring 
tension.    This  in  turn  closes  the  demand  valve  and  stops 
the  flow  of  oxygen  to  the  mask. 

When  you  inhale  the  spring  pushes  against  the  diaphragm.  The 
diaphragm  opens  the  demand  valve  and  oxygen  is  forced  into 
the  mask. 
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Answers  to  Frame  8:        B    1.       A  2, 


Frame  9 

As  has  been  said,  the  "noripal*'  setting  on  the  A-IA  is  used  up  to 
30,000  feet  and  when  the  system  is  not  being  used  the  regulator  must  be 
left  in  this  position.     From  30,000  feet  to  39,000  feet,  the  user 
should  select  the  SAFETY  setting  on  the  dial*    As  explained  below,  this 
is  added  insurance  against  hypoxia  which  can  creep  up  on  you.  The 
SAFETY  setting  provides  only  .OA  psi  to  the  mask. 


39*000  «v 


30.000-^ 


irrwfEN  30.000 

AND  39*000  TUtN  DIAL 
TO'SAFETT* 


THIS  ADOS  ENOUGH  PtESSURE  TO 
OVERCOME  MASK  — LEAKS.  IT  IS 
ADDED  INSURANCE 


Use  of  ths  Safety  Setting  on  Type  A-IA  Oxygen  Regulators. 
Check  the  following  statements  that  are  true. 

1.      The  SAFETY  setting  on  the  A-IA  is  used  between  30,000  and 
39,000  feet. 

_2.      The  SAFETY  is  used  in  case  of  an  emergency. 

_3.      Hypoxia  can  creep  up  on  you  at  high  altitudes. 

_4.      \^en  left  in  NORMAL,  the  regulator  will  not  drain  the 
system. 


Answers  to  Frame  9:        /  !• 


2.    __/    3.        /  4. 


Frame  10 

Keep  in  mind  that  without  the  pressure  treathing  mechanism,  the 
will  work  the  same  as  the  A-12A  regulator.    The  oxygen  is  reduced  in  the 
first  stage  chamber  to  40  to  CO  psi  by  the  pressure  reducing  valve  (1) 
and  the  diaphragm  (7).    The  demand  valve  (2)  is  still  controlled  by 
the  demand  diaphragm  just  the  same  as  in  the  A-12h.    The  oxygen  pressure 
in  the  second  stage  chamber  can  be  controlled  in  two  ways.    At  low 
altitude  it  will  be  the  same  as  the  cabin  pressure  on  top  of  the  demand 
diaphragm  and  during  pressure  breathing  it  will  be  controlled  by  the 
spring  tension  of  the  pressure  breathing  lever  (9),    Remember,  the  air 
for  dilution  is  still  controlled  by  the  dil\."er  lever  which  works  the 
diluter  cam  (6)  and  by  the  aneroid  (8). 


Type  A-14  Pressure 
Demand  Oxygen  Regulator* 


Place  the  nunioer(s)  of  the  component  in  the  blank  next  to  the  state- 
ment that  best  describes  its  operation/use. 


Controlled  by  the  demand  diaphragm. 


Spring  tension  of  this  lever  will  control  the  oxygen  pressure 
in  the  second  stage  chamber  during  pressure  breathing. 

This  part  and  the  diluter  lever  control  the  air  for  dilution. 
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Answers  to  Frame  10:        2    a>    __9    b.         8  c. 


Frame  11 


R-506 


GOES  TO  MASK 


Place  the  letter(s)  of  the  part  in  the  blank  space  next  to  the 
statement  that  describes  its  operation/use.     Some  statements  require 
more  than  one  answer. 


1.  Reduces  oxygen  pressure  in  the  first  stage  chamber  to  40  to 
60  PSI. 

2.  In  the  100%  oxygen  position  the  diluter  control  cam  presses 
down  on  a  metal  strip  attached  to  a  common  lever  to  close  this 
valve. 


3.  l^en  you  inhale,  this  spring  puts  a  force  on  the  demand  diaphragm 
and  opens  the  demand  valve. 

4.  The  diluter  lever  works  this  item. 

5.  This  item  will  control  the  air  flow  to  the  mask  up  to  32,000 
feet  with  the  diluter  lever  in  the  normal  position. 

6.  Exhaling  will  iorce  this  diaphragm  against  the  spring  tension 
on  the  pressure  breathing  lever  and  close  the  demand  valve. 

7.  To  breathe  100%  oxygen  these  valves  must  be  open. 
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Answers  to  Frc.ie  11:    G,  K  1,       J    2,    _D_3.       C    A,       L  5, 

I    6,    F,  H  1. 


Frame  12 


Before  we  go  to  the  next  regulator  that  has  a  pressure  gage  and  a 
flow  indicator  built  in,  we  should  say  here  that  with  the  A-IA,  the  A-3 
flow  indicator,  and  the  K-1  pressure  gage  are  the  same  ones  as  used  with 
the  A-12A,    If  you  recall,  in  the  past  lesson  we  said  that  the  K-1  pressure 
gage  is  bourdon  tube  operated  and  shows  cylinder  pressure.    The  A~3 
flow  indicator  (blinker)  lets  the  user  know  that  oxygen  is  flowing 
through  the  regulator  by  a  blivKing  action. 


Check  the  following  statements  that  are  true* 


A-3  Flow  Indicator. 


The  K-1  pressure  gage  and  A-3  flow  indicator  are  used  with  the 
A-12A  and  A-14  regulators ♦ 

I.      All  oxygen  regulators  require  a  separate  pressure  gage, 

3,      '1'-"^  K-1  pressure  gage  is  bourdon  tube  operated. 
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Answers  to  Frame  12:        /    1.   2.        /  3. 


• 


Frame  13 

As  was  said  in  the  past,  there  are  many  models  of  that  same  oxygen    ^  j 
regulator.    The  D-2A  regulator,  shown  below,  is  also  a  pressure  demand 
regulator  with  many  changes  over  the  A-14.    The  change  that  is  most 
easily  s^ien  from  looking  at  the  face  of  the  D-2A  is  that  the  pressure 
gage  and  the  flow  imiicator  have  been  added  to  it.    Now  note  that /no 
pressure  control  dial  is  seen  so  this  shows  that  the  D-2a  will  auto- 
matically deliver  the  right  pressure  as  altitude  changes.    This  is  done 
with  an  aneroid.    The  D-2A  regulator  also  has  an  ON-OFF  supply  switch 
(lower  center)  that  shuts  off  the  oxygen  supply  to  the  regulator  when 
it  is  net  being  used.    The  D-2A  is  placed  on  a  panel  in  the  aircraft 
and  the  A-12A  and  A-14  are  hooked  in  the  oxygen  lines. 


Type  D-2A  Oxygen  Regulator. 
Complete  the  following  statements* 

1.      The  D-2A  oxy^^.n  regulator  has  a  built-in  pressure  gage  and 


2.  Inside  of  the  D-2A  regulator  is  an   that  will  auto- 
matically deliver  the  right  pressure  as  the  altitude  changes • 

3.  The  D-2A  is  mounted  in  the 

aircraft  while  the  and    are  connected  into  the 

oxygen  line. 
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Answers  to  Frame  13:     1.    flow  indicator    2.  aneroic 

3.    on  a_  panel,  A-12A,  A-IA 

Frame  lA 

The  MD~1  pressure  demand  regulator,  shown  below,  is  very  much  like 
the  D~2A  but  has  a  lot  of  improvements.    The  compact  design  needs  about 
half  of  the  panel  space  to  mount  in  and  presents  the  user  with  a  much 
more  uniform  and  readable  system  of  controls.    This  regulator  is  used  more 
at  the  present  time  than  any  other  regulator  because  it  can  be  adapted 
to  more  systems  in  use.    For  high  altitude  flights  this  is  the  best 
regulator  available  at  the  present  time.     In  the  illustration,  look 
at  the  three  toggle  switches  that  are  used  to  control  this  regulator. 
The  EMERGENCY  toggle  (left)  has  three  positions:    emergency  (up),  normal 
(center),  and  test  mask  (down).    The  DILUTER  toggle  (center)  has  two 
positions:    100%  and  normal.    The  SUPPLY  toggle  is  simply  on  or  off. 
The  FLOW  indicator  is  the  "flag"  type  which  is  worked  by  a  diaphragm. 
The  pressure  gage  shows  system! pressure  or  pressure  before  it  is  reduced 
for  breathing. 


Type  MD~1  Automatic  Diluter  Demand  Pressure 
Breathing  Oxygen  Regulator, 

Check  the  following  statements  that  are  true. 

1.  The  MD-1  has  three  togijle  switches  for  control. 

2.  The  MD-1  is  used  more  than  other  regulators  at  present. 

3.  The  MD~1  is  twice  as  large  as  the  D~2A  regulator. 
The  emergency  toggle  has  three  positions. 

5.      The  flow  indicator  operates  from  a  diaphragm. 
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Answers  to  Frame  14:        /    1.        /    2.   ^3.        /       4.        /  5, 


Frame  15 

Let's  take  a  look  at  the  major  parts  inside  the  MD~1  before  we 
talk  about  how  it  operates*    Mentally  match  each  numbered  item  in  the 
schematic  below  with  its  name  from  the  list  below. 


OIIUTCR 

I 


1- 

Pressure  Gage 

1. 

Diluter  Aneroid 

13, 

2nd  Stage  Chamber 

1. 

Supply  Toggle 

8. 

Demand  Valve 

14- 

Demand  Valve  Lever 

3. 

Press.  Reducing 

9. 

Injector  Mechanism 

15- 

Demand  Diaphragm 

Mechanism 

10. 

Flow  Indicator 

16- 

Counter-Weight  Lever 

4. 

1st  Stage  Chamber 

11. 

Emergency  Toggle 

17, 

Press.  Breathing 

5. 

1st  Stage  Relief 

12. 

2nd  Stage  Relief 

Aneroid 

Valve 

Valve 

6, 

Diluter  Toggle 

No  Response  Required 


Frame  16 


Some  of  the  parts  of  the  W-1  have,  in  the  past,  been  pointed  out 
to  you.    The  pressure  gage  (1)  shows  system  (or  supply)  pressure.  The 
supply  toggle  switch  (2)  just  lets  oxygen  in  the  regulator  when  it  is 
placed  in  *'0N/'    The  pressure  reducing  mechanism  (3)  is  the  first 
stage  of  reducing.    This  is  a  spring  loaded  bellows  and  valve  which 
sets  the  incoming  pressure  between  37  and  45  psi.    As  the  bellows  moves 
up  and  down,  the  valve  moves  back  and  forth  (see  arrows).    The  reducing 
mechanism  is  in  the  first  stage  chamber  (4),    The  first  relief  valve 
(5)  will  open  at  55  psi  if  the  reducing  mechanism  fails.    The  diluter 
toggle  switch  (6)  lets  cabin  air  in  to  mix  with  the  oxygen  when  it  is 
in  the  **normal  oxygen"  position  and  the  air  inlet  valve  is  in  the 
"100%  oxygen"  position. 


Match  the  circled  number  of  the  component  in  the  schematic  to  the 
statement  below  that  describes  that  component  operation/use, 

 a.      Opens  a  valve  that  allows  oxygen  from  a  converter  into  the 

regulator, 

 ^b,      l^ien  put  into  the  normal  position  it  lets  cabin  air  mix  with 

the  oxygen  and  dilute  it. 

 c,      A  high  incoming  oxygen  pressure  will  affect  a  spring-loaded 

bellows  in  this  mechanism  which  in  turn  will  set  the  incoming 
pressure  between  37  to  45  psi, 

 d.      A  spring  loade         ve  that  will  open  at  55  psi  if  the  pressure 

reducing  val»  d. 

 e.      Shows  the  oxyg   i  pressure  in  the  system  (supply  pressure), 
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Answers  to  Frame  16:        2    a.        6    b.        3    c.        5    d.        1  e. 


Frame  17 

The  diluter  aneroid  (7)  lets  air  in  according  to  the  cabin  altitude 
when  the  diluter  toggle  switch  is  in  the  ''normal  oxygen"  position.  The 
aneroid  will  expand  and  completely  shut  off  the  air  at  33,000  feet  cabin 
altitude^     The  demand  valve  (8)  lets  the  oxygen  into  the  injector 
assembly  (9)  which  acts  as  a  venturi  (creates  a  low  pressure  area). 
This  low  pressure  area  draws  air  in  to  mix  with  the  oxygen,     If  a  large 
demand  is  placed  on  the  regulator,  the  injector  (9)  will  slide  forward 
(to  the  left)  and  let  oxygen  bypass  through  the  passageway  on  each  side. 
The  flow  indicator  (10)  is  a  "flag"  which  is  diaphragm-operated  and 
shows  in  the  viewing  window  as  the  user  breathes. 


FLOW  INDlCATOtT 


0XYG6N 


SUPPLY 
OFF  ON 


Place  the  number  of  the  component  from  the  above  schematic  in  the 
blank  alongside  the  statement  that  best  describes  its  operation/use. 
Some  numbers  can  be  used  more  than  once. 


_a, 
b. 


e. 


Cabin  atmospheric  pressure  will  cause  this  unit  to  expand. 

Creates  a  low  pressure  area  that  draws  air  in  to  mix  with 
the  oxygen. 

The  amount  of  oxygen  that  flows  into  the  injector  is  controlled 
by  this  unit. 

Meters  air  according  to  the  cabin  altitude  completely  shutting 
off  the  air  flow  when  the  cabin  altitude  reaches  33,000  feet. 

Operated  by  a  diaphragm  to  show  the  flow  of  oxygen  each  time 
the  user  inhales. 

Slides  forward  when  a  high  demand  is  placed  on  the  regulator 

to  let  oxygen  bypass  through  passageways  in  each  side  of  it, 

19 


ERLC 


1224 


Answers  to  Frame  17:        7    a.        9    b.        8    c.        7    d.      10  e. 

9  f. 


Frame  18 


The  emergency  toggle  switch  (11)  gives  pressure  breathing  at  any 
altitude  when  it  is  put  in  "EMER/'    In  the  n"normal"  position,  pressure 
breathing  is  taken  care  of  by  the  pressure|  breathing  aneroid  (17), 
The  "test  mask"  position  provides  pressure  for  testing  the  mask  for 
leaks  while  on  the  face.    The  second  stage  relief  valve  (12)  relieves 
pressure  above  1,5  inches  of  water  pressure  in  the  second  stage  chamber 
(13).    The  demand  valve  lever  (14)  is  hooked,  at  one  end,  to  the  demand 
diaphragm.     It  will  push  the  demand  valve  found  on  the  other  end  of  the 
lever  up  and  down.    The  counterweight  lever  (16)  provides  a  linkage  to 
the  emergency  toggle  switch.    It  stops  the  fluctuation  of  pressure  in 
the  second  stage  chamber.    The  pressure  breathing  aneroid  (17),  which 
was  mentioned  earlier,  automatically  increases  the  pressure  load  on  the 
demand  diaphragm  as  the  aircraft  altitude  increases.     This,  in  turn, 
increases  thej pressure  sent  to  the  mask. 


Flow  INDICATOR 


SUPPLY 
Off  OH 
\  / 


Place  the  number  of  the  part  from  the  above  sketch  in  the  blank 
space  alongside  the  statement  that  best  describes  its  operation/use. 
Some  numbers  can  be  used  more  than  once, 

 a.      In  the  normal  position  aircraft  altitude  will  cause  this  unit 

to  expand  and  increase  the  pressure  load  on  the  demand 
diaphragm  which,  in  turn,  will  increase  the  pressure  sent  to 
the  mask. 


b. 


ERIC 


Provides  a  linkage  from  the  demand  diaphragm  to  the  emergency 
toggle  switch. 

\Vhen  moved  by  the  demand  diaphragm,  moves  the  demand  valve  up 
or  down  to  increase  or  decrease  the  pressure  sent  to  the  mask, 

\^en  placod  in  the  emergency  position  it  will  provide  pressure 
breathing  at  any  altitude 
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Answers  to  Frame  18:      17    a.      16    b.      14    c.  11 


Frame  19 

In  the  sketch  shown  you  can  see  how  the  MD-1  works  below  30,000 
feet  when  the  user  inhales  or  calls  for  oxygen.     Follow  the  flow  of 
oxygen  and  air  through  the  regulator  as  we  talk  about  how  it  works,       ^  ^ 
With  the  supply  toggle  switch  "ON,"  oxygen  goes  to  the  first  stage  0 
chamber  where  the  pressure  is  dropped  to  37  to  45  psi.    Oxygen  now 
goes  down  to  the  small  chamber  beJow  the  pressure  breathing  aneroid. 
The  aneroid  has  not  expanded  and  the  diaphragm  under  the  aneroid  has 
this  port  closed.    When  the  user  inhales,  a  vacuum  is  formed  in  the 
second  stage  chamber  (shown  by  the  circles)  that  will  raise  the  demand 
diaphragm  and  the  demand  lever  which,  in  turn,  opens  the  demand  valve. 
Oxygen  w-^'ll  now  flow  through  the  top  of  the  demand  valve  and  through 
the  injector,  which  will  cause  a  low  pressure  area  and  draw  in  air 
froml' around  uhe  diluter  aneroid.     Oxygen  also  goes  up  to  the  flow 
indicator  diaphragm  and  pushes  the  flag  up  to  the  window.     The  air  and 
oxygen  now  mir  in  front  of  the  injector  and  flow  to  the  mask. 


Select  the  statements  that  describe  the  operation  of  the  M^-1 
oxygen  regulator.     (Circle  the  number (s)  of  your  choice,) 

1,  As  you  inhale  the  demand  diaphragm  will  rise  and  open  the 
demand  valve  and  let  oxygen  from  the  converter  flow  through  the 
injector, 

2,  The  oxygen  that  flows  through  the  injector  will  create  a  low 
pressure  area  that  will  draw  in  air  from  around  the  diluter  aneroid 
and  mix  it  with  the  oxygen, 

3,  For  items  1  and  2  above  to  happen  the  supply  toggle  is  in  the 
*'0N"  position,  diluter  toggle  is  in  "normal  oxygen,"  the  emergency 
toggle  is  in  "NOR,"  and  the  aircraft  must  be  below  30,000  feet, 
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Answers  to  Frame  19:       (T^    (T)  (3) 


Frame  20 


Let's  take  a  look  at  what  goes  on  in  the  regulator  when  the  user 
exhales  or  breathes  out.    Muscular  effort  on  the  part  of  the  user  is 
needed  to  overcome  the  pressure  in  the  regulator.    This  is  especially 
true  if  the  pressure  breathing  aneroid  is  in  operation.    When  the  user 
breathes  out  hard  enough,  the  demand  diaphragm  drops  down  and  lets 
the  demand  valve  go  closed.     This  back  pressure  also  closes  the  air 
check  valve  below  the  diluter  aneroid.     Pressure  on  the  top  side  of  the 
flow  indicator  diaphragm  pulls  the  flag  out  of  the  window.  Oxygen 
pressure  will  quickly  build  up  in  the  first  stage  chamber  and  close  the 
reducing  valve,    \^en  the  user  inhales  again,  this  pressure  is  reversed 
as  was  explained  in  the  previous  frame. 


Select  the  true  statements  from  the  following,     (Circle  the  number( 
of  your  choice . ) 

1.  l^ien  the  user  exhales,  the  flow  indicator  flag  is  not  visible, 

2.  Muscular  effort  is  required  when  exhaling  into  the  regulator, 

3.  Wlien  exhaling,  the  demand  diaphragm  drops  and  closes  the 
demand  valve. 

4.  The  diluter  toggle  must  be  in  100%  oxygen  to  get  air  in  the 
regulator. 

5.  The  first-stage  chamber  reduces  pressure  to  between  37  and 
45  psi. 
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Answers  to  Frame  20: 


©  ©  ©  © 


Frame  21 


Now,  let's  talk  on  how  the  MD-1  regulator  works  when  pressure 
breathing.    As  we  have  said,  pressure  to  the  mask  is  changed  auto- 
matically by  the  pressure  breathing  aneroid  as  cabin  pressure  goes  up. 
A  safety  pressure  of  0.1  to  0.2  inches  of  water  is  sent  to  the  mask  at 
altitudes  of  30,000  to  39,500  feet  to  do  away  with  the  chance  of  a 
negative  pressure  at  the  mask.    Near  40,000  feet,  the  pressure  breathing 
aneroid  has  expanded  to  give  automatic  pressure  breathing  to  the  user. 
This  pressure  is  from  2  to  15  inches  of  water  pressure  depending  on 
cabin  altitude.    You  can  see  in  the  sketch  shown  that  oxygen  from  the 
pressure  breathing  aneroid  has  raised  the  demand  diaphragm  which  now 
holds  the  demand  valve  open.     The  cycle  shown  is  when  the  user  is 
breathing  in.    To  exhale,  the  user  has  to  overcome  the  pressure  on  the 
demand  diaphragm.,   See,  too,  that  the  diluter  aneroid  has  closed  the 
air  inlet  and  the  flow  indicator  flag  can  be  seen  in  the  window. 


Select  the  statements  that  describe  the  operation  of  the  MD-1 
regulator  during  pressure  brc  .thing.     (Circle  the  number(s)  of  your 
choice. ) 

1.  At  altitudes  of  30,000  to  39,500  feet  a  safety  pressure  of  0.1 
to  0.2  inches  or  water  is  sent  to  the  mask  to  do  away  with  the  chance 

of  a  negative  pressure  at  that  point. 

2.  Around  40,000  feet  the  pressure  breathing  aneroid  has  expanded 
and  raised  the  demand  diaphragm  which,  in  turn,  holds  the  demand  valve 
open. 

3.  To  exhale  you  have  to  overcome  the  pressure  applied  to  the 
demand  diaphragm. 


NOKMAL  X 


i  100% 


TO  ^ 
MASK 
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Answers  to  Frame  21: 
Frame  22 


©  ©  © 


INSTRUCTIONS 

Identify  the  components  of  the  MD-1  oxygen  regulator  by  matching 
the  letters  in  the  arrowed  circles  with  the  name  of  the  item  below. 


1. 

Pressure  Gage 

10. 

Flow  Indicator 

2. 

Supply  Toggle 

11. 

Emergency  Toggle 

3. 

Pressure  Reducing 

12. 

2nd  Stage  Relief  Valve 

Mechanism 

13. 

2nd  Stage  Chamber 

4. 

1st  Stage  Chamber 

14. 

Demand  Valve  Lever 

5. 

1st  Stage  Relief  Valve 

15. 

Demand  Diapuragm 

6. 

Diluter  Toggle 

.  16. 

Counter-Weight  Lever 

7. 

Diluter  Aneroid 

17. 

Pressure  Breathing  Aneroid 

8. 

Demand  Valve 

9. 

Injector  Mechanism 
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6. 
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7. 

I 
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A 
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N 

10. 

L 

11. 

G 

12. 

B 

13. 

H 

14. 

K 

15. 

C 

16. 

Q 

17. 

Frame  23 


Select  the  statements  that  describe  the  operation  of  the  MD-1 
regulator  below  30,000  feet>     (Circle  the  number(s)  of  your  choice.) 

1.  Both  the  pressure  breathing  aneroid  and  diluter  aneroid  are 
compressed • 

2.  The  pressure  breathing  aneroid  expands  while  the  diluter 
aneroic^  :^  compressed. 

3.  With  the  supply  toggle  in  "ON,"  oxygen  goes  to  the  first 
stage  chamber  where  it  is  reduced  to  37  to  45  psi. 

4.  When  you  inhale  a  vacuum  is  formed  in  the  second  stage  chamber 
that  r^iises  the  demand  diaphragm  and  opens  the  demand  valve. 

5.  Oxygen  will  flow  through  the  injector  which  creates  a  low 
pressure  area  that  draws  air  in  through  the  diluter  aneroid  valve. 

6.  Both  the  oxygen  from  the  injector  and  the  air  from  the  diluter 
aneroid  mix  and  flow  to  the  mask. 

7.  As  you  inhale  a  pressure  is  placed  on  the  demand  diaphragm 
forcing  the  demand  diaphragm  to  close  the  demand  valve. 

8.  As  you  inhale  a  pressure  is  placed  on  the  top  of  the  flow 
indicator  diaphragm  which  pulls  the  flag  out  of  the  window. 
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Frame  23  (Cont'd) 

Select  the  statements  that  describe  the  operation  of  the  MD-1  regulator 
during  pressure  breathings     (Circle  the  number (s)  of  your  choic  ♦) 

9.      The  diluter  aneroid  will  expand  as  the  aircraft  rises  in 
altitude  closing  the  diluter  valve. 

10.  The  diluter  aneroid  will  send  a  safety  pressure  of  0.1  to  C.2 
inches  of  water  to  the  mask  at  altitudes  of  30,000  to  39,000  feet. 

11.  Near  40,000  feet,  the  pressure  breathing  aneroid  has  expanded 
and  provides  oxygen  pressure  to  the  mask  equivalent  to  2  to  15  inches 
of  water  pressure. 

12.  The  pressure  breathing  aneroid  supplies  oxygen  pressure  to 
raise  the  demand  diaphragm  and  close  the  demand  valve. 

13.  During  pressure  breathing  a  person  cannot  exhale. 

14.  When  oxygen  pressure  is  supplied  to  the  mask  it  also  is  placed 
on  the  bottom  of  the  flow  indicator  diaphragm  raising  the  flag  in  the 
window. 
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Answers  to  Frame  23:       Q     2.  Q   (s)    ©     7.  8. 

^   10.  12.  13. 


Frame  24 

The  oxygen  regulators  that  are  used  in  high  pressure  gaseous 
oxygen  systems  (1,800  to  1,850  psi)  where  a  pressure  reducer  is  not 
installed  between  the  cylinders  and  the  regulator  are  the  MD-2  and 
MB-2  pressure  demand  regulators.    If  a  pressure  reducer  is  installed, 
regulators  such  as  the  MD-1  and  D-2A  can  be  used.    The  principles  of 
operation  of  the  MD-2  and  MB-2  are  the  same  as  the  MD-1.  However, 
these  regulators  are  constructed  internally  to  withstand  high  pressure. 
The  MD-2  shown  (note  the  high  pressure  gage)  looks  the  same  as  the 
MD-1  but  the  two  regulators  cannot  be  interchanged. 


MD-2  Oxygen  Regulator 
Check  the  following  statements  that  are  true. 
1.      The  MD-2  and  MB-2  are  high-pressure  regulators • 

The  D-2A  regulator  is  designed  to  withstand  high  pressure. 
The  MD-2  is  a  pressure  demand  regulator. 


2. 

_3. 

4 


a  pressure  reducer  is  installed  between  the  high  pressure 
cylinders  and  the  regulator,  it's  possible  to  use  the  D-2A. 


Answers  to  Frame  24:        /  !• 


2.        /    3,        /  4. 


Frame  25 

The  pressure  demand  mask,  type  A-13  and  type  A~13A,  are  used  with 
the  pressure  demand  oxygen  system.    Pressure  demand  masks  are  not  like 
demand  masks  in  that  they  will  hold  pressures  higher  than  ambient 
pressure.    A  flap  or  seal  made  of  rubber  (1)  forms  a  ring  on  the  inside 
of  the]  mask  to  keep  the  oxygen  in  the  mask.    Check  valves  (2)  keep  the 
oxygen  inlets  closed  while  the  user  is  exhaling.    The  exhalation  valve 
(3)  opens  only  at  a  pressure  just  a  little  more  than  tha^  on  the  inside 
of  the  tubing  leading  to  the  mask.    The  housing  of  the  exhalati  n  valve 
forms  a  tube  which  goes  down  into  the  inlet  tube  (5).    Through  this 
tube,  the  oxygen  cowing  in  sends  its  delivery  pressure  to  act  upon  the 
lower  side  of  the  cjmpensating  diaphragm  (6).     This  )>ressure  keeps  the 
exhalation  valve  (3)  closed  until  a  little  greater  pressure  caused  by  | 
exhaling  is  brought  to  bear  upon  the  upper  surface  of  the  main 
diaphragm  (7).    The  valve  nhen  opens  and  the  exhaled  air  leaves  the  mask 
through  the  port  (8).    The  mask-to-regulator  hose  in  the  pressure  demand 
system  is  the  same  as  in  the  demand  system. 


•i^OXYOtN  ntOM 
XEOOLATOft 
EXHAUO 
MEATH 

Type  A-13  Pressure  Demand  Mask. 


Place  the  number  from  the  sketch  shown  above  in  the  blank  alongside 
the  statement  that  best  describes  the  mask's  operation/use. 

 a.      Will  open  when  the  user  inhales  and  closes  when  the  user 

exhales. 

 ^b.      Will  stay  closed  until  a  little  greater  pressure  caused  by 

exhaling  is  placed  on  the  upper  surface  of  the  main  diaphragm 
at  which  time  it  will  open. 

 c.      Exhaled  air  will  leave  through  this  port. 
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Answers  to  Frame  25:        2a,        3    b,        8  c. 


Frame  26 

The  portable  pressure  demand  unit  is  shown  below.    It  consists  of 
the  A-21  regulator  and  the  A-6  cylinder.    The  pressure  demand  unit  is 
installed  in  the  larger  aircraft  with  an  operating  range  above  35,000 
feet.     The  A-21  is  a  straight  demand  regulator  (no  air)  and  contains 
a  bellows-operated  pressure  reducer.    Pressure  breathing  is  caused  by 
turning  the  control  knob  which  puts  a  load  on  the  breathing  diaphragm 
through  a  system  of  springs  and  levers  (very  much  like  the  A-14),  The 
control  knob  has  four  (4)  settings:    "NORMAL"  (demand  only,  no  pressure), 
"30M"  (pressure  breathing  at  30,000  feet),  "42M"  (pressure  breathing  at 
42,000  feet),  and  "EMERGENCY"  (continuous  flow  of  oxygen  to  the  user). 


type  A-21 


PRESSURE-BREATHING  REGULATOR 

Schematic  shows  operarion  of  the 

Pressure  Breathine 

^  ®    mechanical  load  on  breathing  dia- 

Control  Knob  phragm^which  is  balanced  by  pre*. 

jure  of  1>reathing"  oxygen  below.) 


INLET 

CYLINDER  OXYGEN 
450  to  50  psi 


OXYG^ 
AT  BREATHING 
PRESSURE 


OXYGEN 
40  to  60  psi 


VALVE 
SEAT 


PRESSURE**REDUCING 
MECHANISM-OXYGEN 
AT  40  to  60  Qsl 


OUTUT 

CONNECTION  OF 
MASK  HOSE 
PASSES  OXYGEN  AT 
BREATHING  PRESSURE 


^Pressure  Demand 
Portable  Unit 


Check  the  following  statements  that  are  true. 

1.  The  A-21  is  a  pressure  demand  portable  regulator • 

2.  The  A-6  cylinder  is  used  with  the  A-21  regulator. 

3.  Pressure  breathing  is  controlled  by  an  aneroid  in  the  A-21. 


Answers  to  Frame  26:        /I.        /    2.  3. 
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OBJECTIVES 


State  general  principles  relating  %6  the  operation  of  a  liquid 
oxygen  system,    A  minimum  of  four  out  of^ f ive  must  be  correct. 
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Frame  1 


Introduction 

liquid  oxygen  (LO36  system,  whi^  will       discussed  i6  thi'^ 
teict,       th^  sourcre  of  gaseous  oxygen  fof  th€^cret7. 

While  th^lo^ pressure        high  pressure  gaseous  systems  are  still 
being  us^  ofi  k±r  Fotce  aircraft,  the^e  systems  ar6  gradually  being 
changed       th4  liquid  oxygen  system.    Sino€  inflight  refueling  was  / 
intrcducsd,  art  aircraft  can  fiy  f^r  l^ng  periods  of  time,    TKe  pilot 
ani  crev  need  larjge  amounts  of^xygen,    The^ow^ pressure  gaseous  cylinders 
are  light  bttt  take  up  af  lot  of  sp^e,    Th^^hi^  pressure  cylinders  take 
up  less  space  but  are  heavier,    The^best  choi^was  to  use  the  LOK  system, 
which  sa^s  spAce  and  weight.    The' average  weight  and  spate  reduction  f>dr 
a3,l  aircraft  is  74%, 

Thete  are  qui ife^  a^  fev^' types  of  liquid  oxygen  systems  us^  on  Air 
Foi^e  air^craft.    Thfe  t/pe  Off  system  installed  irf  a^ aircraft  wlTll  depend 
upon  the  aircraf t'^manufacturer,  and  its  mission.    Liquid  oxygen  converters 
(containers)  used  on  fighter  type  aircraft  are  small,  (5  to  10  liter)  low 
pressure  70  psi  onverters.    Because  of  the  size  of  the  crew  and  the  number 
of  passengers,  large  bomber  and  cargo  aircraft  use  the  larger,  (25  to  75 
liter),  high  pressure,  300  psi  converters. 


NO  RESPONSE  REQUIRED 
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Frame  2 


LOX  (liquid  oxygen)  Ib  a  pale'  blue,  waterlike  fluid;  its  boiling 
temperature  is  minus  -297*F,    This  me4ns  that  at  any  temperature  above 
-297*F,  for  instance   ajt  -298'F,  LOX  will  boil;  changing  state  from 
liquid  to  gas.    When  liquid  oxygen  evaporates,  it  expands  to  about  860 
times  its  original  volume. 

When  working  with  LOX  you  should  observe  all  safety  precautions. 
Never  allow  LOX  to  come  ixi  contact  with  your  sk^n,    LOX,  as  we  stated 
earlier,  i^  extremely  cold' and  cajn  caus^  immediate  frostbite  (burjis). 
If  yotr  skin  does  cose  iti  contact  with  LOX,  ydu  should  f liish  trie  area- 
with  water  and  see  a, doctor  immediately.    Never  confine  LOX  in  any 
other  container  other  th6n  n  LOl(  converter       cryotainer  which  will  bfe 
covered  in  a. later  frame.    The^pressure  that  buildr  up  when  th^  liquid 
boils  off  into  a  gas,  will  explode  mo^t  piping,  tubing  oi^  other  non- 
approved  containers • 

Check  the  following  statement (s)  that  are  true* 


At  the  temperature  of  -292*'F  LOX  is  boiling  and  changing  to  a  gas. 

One  cubic  inch  of  LOX  will  expand  to  860  cubic  inches  of  gaseous 
oxygen, 

LOX  may  be  stored  in  any  metal  container. 
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Frame  3 

The  liquid  oxygen  converter  assembly  (see  figure  1)  is  the  main  part 
of  a  liquid  oxygen  system.    This  multi-function  unit  is  designed  to  receive 
and  store  the  liquid.    It  will  also  allow  some  liquid  to  change  to  a  gaseous 
state.    This  gaseous  oxygen  i's  automatically  supplied  at  a  constant  pressure 
to  the  oxygen  regulator  for  crew  use. 

The  container  is  the  largest  part  of  the  converter  assembly.  The 
container  is  a  double  walled,  vacuumed  insulated  unit  similar  to  the  common 

l-hermos'  bottle.    It  is  also  known  as  a  "Dewar"  flask  after  its  inventor. 
As  shown  (in  figure  1)  the  liquid  is  stored  in  the  inner  shell  and  a  vacuum 
separates  it  from  the  outer  shell.    The  outer  shell  has  a  rupture  disc 
installed  that  will  blow  out  to  prevent  an  explosion;  if  the  inner  shell 
develops  a  leak,  the  rupture  disc  will  blow  and  relieve  pressure  at  30  psi. 

Check  the  following  statement (s)  that  are  true. 

^-    The  liquid  oxygen  converter  assembly  supplies  liquid  oxygen  for 

crew  use. 

^'    "^he  container  has  a  vacuum  space  that  separates  the  inner  and 

outer  shell. 


Figure  1. 


Answer  to  Frame  1:    NO  RESPONSE  REQUIRED. 
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Frame  A 


The  quantity  indicating  system  is  a  capacitance  contents  gage  system. 
This  indicating  system  uses  a  variable  capacitance  probe  which  is  located 
in  the  liquid  container  (see  figure  2).    The  probe  varies  capacitance  as 
the  liquid  level  changes •    This  varying  signal  is  measured  and  turned  into 
a  liquid  level  indication  by  the  capacitance  gage. 


EMERGENCY  RELIEF 


Figure  2. 

Check  the  following  statement (s)  that  are  trv  • 

1,    The  variable  capacitance  probe  is  located  inside  the  liquid 

container. 

2.    When  the  liquid  level  changes  a  signal  is  sent  to  the  capacitance 

gage. 

Answers  to  Frame  2:      /    1*      ^    2.   ^3. 
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Frarae  5 


As  you  may  recall,  a- capacitor  has  two  conducting  plates- with  an 
'insulating  material  separating  them.    This  insulating  material  is  called 
the  dielectric.    Materials  such  as  glass,  air,  mica,  waxpaper,  and  oil 
are  used  as  dielectrics.    In  this  case  we  are  using  liquid  oxygen  as  the 
dielectric  between  the  two  plates  of  the  probe  as  shown  (in  figure  3) • 
As  the  liquid  level  goes  up  and  down,  a"  varying  capacitance  signal  is  made. 
The  signal  is  passed  on  to  the  capacitance  gage  by  means  of  a  shielded 
electrical  lead  and  a  coaxial  cable. 


1. 
2. 


Figure  3. 

Check  the  following  statement (s)  that  are  true. 
  Oil  is  used  as  a  dielectric  in  this  system. 


The  shielded  electrical  lead  and  coaxial  cable  transmit  the  signal 
to  the  gage. 

Liquid  oxygen  is  used  as  an  insulating  material. 


Answers  to  Frame  3: 


1.       /  2, 
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Frame  6 

Shown  (in  figure  A)  is  a  complete  liquid  oxygen  system.    The  converter 
portion  of  this  system  consists  of  the  following  parts:     (A)  Container, 
(B)  Fill,  Build-up  and  Vent  Valve,  (C)  Build-up  coil,  (D)  Liquid  Check  Valve, 
(E)  Pressure  Opening-Pressure  Closing  Valve,  (F)  Container  Relief  Valve, 
(G)  Quick  Disconnects;  Supply  Line  and  Vent  Line. 

Note:    These  quick  disconnects  are  a  unique  feature  of  this  system 
and  are  not  normally  found  on  most  liquid  oxygen  systems.  They 
enable  the  converter  to  be  removed  and  installed  on  the  aircraft 
with  liquid  oxygen  in  it.    Other  systems  must  be  drained  before 
this  can  be  done. 


Figi're  A. 

Check  the  following  statement(s)  that  are  true. 

1.    The  Liquid  Check  Valve  ic  part  of  the  converter  assembly. 

2.    The  system  (in  figure  A)  must  be  drained  before  the  converter 

can  be  removed  from  the  aircraft. 

3.    Quick  disconnects  are  found  on  most  liquid  oxygen  systems. 


Answers  to  Frame  4:       /I.       /  2, 
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Frame  7 


So  far  we  have  discussed  the  converter  assembly  and  its  components. 
Now  let's  look  at  the  components  of  the  oxygen  system  that  are  fixed  to 
aircraft  (see  figure  5) •    The  supply  line  relief  valve  is  set  at  130  psi 
and  relieves  excessive  pressure  in  the  supply  line  and  warm-uncoil  (or 
warm-up  plate) •    When  the  converter  assembly  is  removed  at  the  quick 
disconnects,  oxygen  is  trapped  in  the  supply  line  and  warm-up  coil  and 
pressures  may  become  excessive  if  the  temperai'iure  changes.    The  supply 
line  relief  valve  takes  care  of  this.    Also,  if  the  container  relief 
valve  fails,  the  supply  line  relief  valve  will  take  over. 

The  purpose  of  the  warm-up  coil  or  plate  is  to  raise  the  temperature 
of  the  gaseous  oxygen  to  where  it  is  suitable  for  breathing.    The  coil  is 
usually  in  the  cockpit  or  electronics  compartment,    fleat  in  the  area 
surrounding  the  coil  is  transferred  to  the  gaseous  oxygen  as  it  passes 
through  the  coil  on  its  way  to  the  regulators,         •TO*OX¥GlN  KCCUlATOt  A 


Figure  5, 

Select  the  following  statement (s)  that  is/are  true, 

1,    The  supply  line  relief  valve  is  fixed  to  the  aircraft  and  set 

at  130  psi, 

2,    As  gaseous  oxygen  passes  through  the  warm-up  coil,  its  temperature 

rises, 

3,    If  the  container  relief  valve  fails,  the  supply  relief  valve  takes 

over. 

Answers  to  Frane  5:  1.       /    2.       /  3. 
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Frame  8 


The  combination  fill,  build-up,  and  vent  valve  shown  (figure  6)  is  a 
/  dual  function  valve.    On  older  oxygen  systems,  it  would  be  divided  into 
two  separate  valves  (1)  the  fill  valve  and  (2)  the  build-up  and  vent  valve. 
^     The  fill  portion  of  the  combination  valve  has  a  coupling  for  the  filler 
nozzle  of  a  LOX  servicing  cart  to  connect  to.    As  shown  in  (figure  6)  the 
valve  is  normally  in  the  build-up  position.    The  build-up  port  is  connected 
to  the  pressure  opening-pressure  closing  valve.    Gaseous  oxygen  flows  from 
the  pressure  opening-pressure  closing  v.  "'^'e  through  the  build-up  port  into 
the  combination  valve.    It  then  flows  out  of  the  gas  port,  back  to  the  top 
of  the  container.    The  fill  out  port  on  the  valve  is  connected  to  the  bottom 
of  the  container.    The  ball  check  valve  in  this  port  prevents  a  reverse  flow 
of  liquid  (from  the  bottom  of  the  container)^ through  the  valve.    A  dust  cap 
attached  to  a  chain  is  used  on  the  filler  port  of  this  valve.    This  cap 
protects  the  seal  on  the  filler  port  from  damage  and  contamination. 


VENT 


 Fn^ 


BUILD-UP 


1. 

2. 


s 

RLL  OUT 

Figure  6. 

aieck  the  following  statement (s)  that  are  true. 

Th'^  ^combination  valve  is  normally  in  the  build-up  position. 
Re^ersf^  f3.ow  of  liquid  is  prevented  by  the  ball  check  valve. 


Answers  to  Frame  6:      /    1.   ^2.   3. 

10 


1244 


Frame  9 


When  the  filler  nozzle  from  the  liquid  oxygen  servicing  trailer  is 
connected  to  Che  fill,  build-up,  and  vent  valve,  it  will  be  in  the  position 
shown  below  (figure  7).    A  pin  in  the  filler  nozzle  pushes  the  valve  shaft 
backwards  and  closes  the  build-up  port.    At  the  same  time,  the  gas  port  is 
opened  to  the  overboard  vent  and  system  pressure  is  discharged  overboard. 
When  the  liquid  flows  in  under  pressure,  it  unseats  the  ball  check  valve 
in  the  "fill  out"  port  and  goes  into  the  container.    When  the  filler 
nozzle  is  removed,  the  ball  check  valve  reseats,  the  valve  shaft  moves  out 
and  automatically  returns  the  system  to  "build-up," 


VENT 


Fill 
OUT 


Figure  7. 

Shown  in  Fill  &  Vent. 

Combination  Fill,  Build-up,  and  Vent  Valve. 

Select  the  following  statement (s)  that  is/are  true. 


1.    When  the  filler  nozzle  is  connected,  system  pressure  is  vented 

overboard. 

2.    The  normal  position  of  the  fill,  build-up,  and  vent  valve  is  "vent. 

3.    When  the  filler  nozzle  is  removed,  the  valve  returns  to  "build-up." 

A.    When  servicing  the  system,  the  incoming  liquid  unseats  the  ball 

check  valve  in  the  "fill  out"  port. 

5.    When  the  filler  nozzle  is  connected,  the  valve  automatically  moves 

from  build-up  to  vent. 


Answers  to  Frame  7:      /    1,        /    2.        /  3. 


11 


1245 


Frame  10 

The  pressure  opening-pressure  closing  valve  is  a  single  component  that 
contains  two  separate  parts  ^'see  figure  8).    The  pressure  closing  valve  acts 
as  the  pressure  regulator  for  the  liquid  oxygen  system.    It  will  either  be 
preset  at  70  psi  or\  300  psi  depending  upon  the  type  of  system  the  aircraft 
requires.    The  main  purpose  of  the  high  pressure  (300  psi)  is  to  allow  crew 
members  to  fill  walk  around  bottles  from  the  aircraft  system.    This  means 
thai  bomber  and  cargo  aircraft  will  have  to  use  high--pressure  systems. 


1. 
2. 
3. 
A. 


AD  J 


ADJ 


PC  OUTLET 


Figure  8. 

Check  the  following  statement (s)  that  are  true. 

  The  pressure  closing  valve  acts  as  a  pressure  regulator. 

  Fighter  aircraft  would  require  a  high-pressure  liquid  oxygen  system. 

  The  pressure  closing  valve  is  set  at  70  or  300  psi. 


The  main  reason  for  having  high-pressure  liquid  oxygen  is  to  fill 
walk- around  bottles. 

The  low-pressure  liquid  oxygen  system  operates  at  70  psi. 


Answers  to  Frame  8: 


/  1. 


/  2. 
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Frame  11 

Because  the  p-essure  closing  valve  is  eoina  fo  *.u 
regulator  for  the  syate..  its  prLlry^ur  of o  ZnlllTl  l~ 
hea_d  pressure  on  top  of  the  liquid  in  the  storage  concainer  T^T?^ 
pressure  (gas)  is  used  to  push  the  liquid  out  the  bottom  of 'thf^n  r. 
and  into  the  evaporator  coil  where  it  is  converted  to  a  .as      ^hfK  m"^' 
In  the  pressure  closing  valve  (see  figure  9W?ii        /       \  ^  bellows 


BelloT/s 


ir 


f.  INIEI 


Combination  Pressure  Opening 
Pressure  Closing  Valve 


1- 
2. 
3. 
4. 
5. 


Figure  9. 

Check  the  following  statemv-'.nt(s)  that  arc  true. 

  The  pressure  closing  vilve  maintains  a  constant  head  pressure. 

  The  pressure  closing  valve  is  p,- rt  of  the  converter  assembly. 

  The  pressure  closing  valve  acts  a«  the  system  pressure  regulator, 

  The  head  pressure  (gas)  pushes  fhe  liquid  out  of  the  container. 

_    The  pressure  closing  valve  transfers  liquid  oxygen  in  the  system. 


Answers  to  Fnme  9:      /  1. 
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Frame  12 


The  pressure  opening  valve  (PO)  is  the  second  portion  of  the  pressure- 
opening-ores sure- closing  valve.    Both  valves  (shown  in|figure  10)  are 
bellows  operated  pressure  regulating  valves  contained  in  one  housing.  As 
you  already  know  the  pressure-closing  (PC)  valve  is  a  normally  open  valve 
that  regulates  system  pressure  to  70  psi  by  controlling  the  container 
"head  pressure". 


5 


ARO  EQUIP 
VALVE,  PRESS 
REGULATING 


Combination  Pressure  Opening 
Pressure  Closing  Valve 


Figure  10. 


The  presure-opening  valve  is  normally  closed.    It  will  open  when 
pressure  in  the  system  reaches  82  psi  or  above.    The  pressure  opening  valve's 
function  is  to  conserve  gaseous  oxygen.    When  the  pressure-opening  valve 
opens  gaseous  oxygen  is  drawn  directly  from  the  top  of  the  container  by  the 
breathing  of  the  crew.    This  excess  head  pressure  is  used  for  crew  breathing 
until  system  pressure  drops  below  82  psi.    The  pressure  opening  valve  then 
closes  and  the  system  returns  to  normal. 


1, 


Note:    Some  systems  do  not  have  a  combination  pressure  opening-pressure 
closing  valve.    These  systems  have  a  single  pressure-closing  valve.  The 
pressure-closing  valve  in  these  systems,  regulates  pressure  up  to  82  psi. 
When  the  pressure  in  the  system  reaches  82  psi  (or  above)  the  excess 
pressure  is  vented  overboard  by  a  relief  valve. 

Check  the  following  statement (s)  that  are  true, 

  The  pressure-opening  and  pressure-closing  valves  are  contained  in 

the  same  housing. 


The  pressure-opening  valve  allows  gaseous  oxygen  to  be  drawn  from 
the  top  of  the  container  at  82  psi. 


Answers  to  Frame  10: 


/  1, 


2. 
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/    3.        /  4. 


/  5. 


ERIC 


Frame  13 


The  liquid  check  valve  is  especially  made  to  work  in  a  liquid  oxygen 
system.    From  its  place  in  the  system,  it  will  do  two  things:     (1)  It 
separates  the  liquid  phase  of  operation  from  the  gaseous  phase.     (2)  It 
stops  a  reverse  flow  of  gaseous  oxygen  (from  the  gaseous  phase)  back 
through  the  liquid  container.    During  normal  operation  of  the  system,  the 
liquid  check  valve  allows  liquid  to  be  drawn  from  the  bottom  of  the 
container  into  the  evaporation  coils  in  the  direction  of  the  arrow.  As 
pressure  in  the  build-up  and  evaporation  sides  changes  because  of  use  or 
liquid  boil-off,  the  check  valve  will  open  and  close  at  _5  psi  below 
the  container  head  pressure.    This  makes  a  5  psi  differential  between  the 
gaseous  phase  and  liquid  phase.    When  we  discuss  overall  system  operatim, 
the  function  of  the  valve  will  become  more  clear. 


LIQUID  CHECK  VALVE 


R  — 531 


Figure  11, 

Check  the  following  statements  that  are  true. 


The  check  valve  separates  the  liquid  and  gaseous  phase  of 
system  operation. 


2, 


The  liquid  check  valve  is  especially  designed  for  liquid  oxygen 
systems. 


3, 


The  check  valve  opens  or  closes  at  5  psi  below  container  head 
pressure. 


When  the  check  valve  closes,  it  prevents  reverse  flow. 


Answers  to  Frame  11: 


/  1. 


/  2. 


/  3. 


/  4. 


ERIC 
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Frame  lA 

Now  that  you  are  familiar  with  the(  dual  function  valves  used  in  this 
type  of  system,  let's  discuss  the  operation  of  this  system  (see  figure  12). 
In  order  to  fu.Uy  understand  what  is  taking  place  within  the  system,  it  is 
necessary  to  look  at  the  system  in  four  (A)  different  phases  of  operation. 
J     The  first  phase  is  FILLING  and  this  is  shown  below.    When  the  nozzle  from 
the  servicing  trailer  is  connected  to  the  fill,  build-up  and  vent  valve,  the 
\     plunger  in  the  valve  is  pushed  in  as  shown.    This  closes  the  build-up  line 
and  provides  an  open  line  to  the  overboard  vent.    Any  pressure  in  the 
system  is  now  vented  overboard.    When  the  liquid  oxygen  enters  the  valve, 
it  unseats  the  fill  check  valve  and  goes  into  the  container  through  the 
bottom.    When  the  container  is  full,  liquid  flows  out  the  top  of  the 
container,  back  through  the  valvefand  out  the  overboard  vent.    At  this 
time,  the  nozzle  from  the  servicing  trailer  is  removed  and  this  automatically 
places  the  system  in  the  build-up  phase. 


Figure  12. 

Select  the  following  statement (s)  that  is/are  true. 


1.    The  fill  check  valve  is  unseated  when  filling  the  system. 

2.    The  liquid  check  valve  is  closed  when  filling. 

3.    When  filling,  the  pressure  closing  valve  is  open  (normal  position). 

A.    \ihen  filling,  liquid  oxygen  enters  the  warm  up  coil. 

5.    System  pressure  is  ven::ed  overboard  when  the  filling  nozzle  is 

connected. 


Answers  to  Frame  12:      /    1*         ^  2. 
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Frame  15 


Once  the  transfer  hose  nozzle  is  removed,  pressure  begins  to  build  up 
in  the  system.    This  pressure  build-up  continues  until  system  pressure 
reaches  72  psi.    Figure  13  illustrates  this  pressure  build-up  phase. 
Note  that  liquid  is  boiling  off  in  the  build-up  coil  and  returning  to  Q 
the  top  of  the  container  through  the  pressure  closing  valve  (which  is 
open)  and  the  fill,  build-up  and  vent  valve.    The  container  is  building 
up  "head"  pressure.     During  this  phase,  breathing  oxygen  is  obtained  from 
liguid  oxygen  drawn  through  the  liquid  check  valve  (shown  open) .  This 
liquid  will  vaporize  as  it  passes  through  the  supply  line  and  warm  up  coil 
on  its  way  to  the  oxygen  regulator. 


Figure  13. 

Select  the  following  statement(s)  that  is/are  true. 

  When  system  pressure  is  below  72  psi  the  pressure  closing  valve 

is  closed. 

  When  the  transfer  hose  nozzle  is  removed,  the  system  returns  to 

build-up. 

  During  the  build-up  phase,  the  build-UD  coil  is  supplyi.ig  gaseous 

oxygen  which  is  returned  to  the  top  of  the  container. 

  During  this  phase,  liquid  oxygen  is  drawn  through  the  liquid 

check  valve  and  vaporized  in  the  supply  line  and  warm  up  coil. 

  During  this  phase,  the  container  relief  valve  is  open. 


Answers  to  Frame  13:      /    1.        /    2.   3.        /  4. 
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Frame  16 


In  this  phase  of  operation  (shown  in  figure  14)  breathing  oxygen  is 
obtained  from  gaseous  oxygen  drawn  through  the  liquid  check  valve*  In 
this  condition  the  pressure-closing  valve  is  closed  (closed  at  72  psi)  and 
the  pressure-opening  valv^is  still  closed  (opens  at  82  psi)  •    With  the 
pressure  closing  valve  cl(5sed,  pressure  build-up  in  the  system  is  stopped 
because  the  return  path  to  the  top  of  the  container  is  blocked.  The 
liquid  trapped  in  the  bulid-up  coil  now  evaporates  (shown  evaporated)  and 
causes  a  back  flow  of  liquid  to  the  container.     This  action  is  what  enables 
gaseous  oxygen  to  be  drawn  through  the  liquid  check  valve  (see  schematic) ♦ 
As  the  pressure  is  lowered  by  the  oxygen  being  used,  the  pressure  closing 
valve  will  open  and  pressure  will  again  build-up. 


^  WARM  UP 


SUPPLY  (SYSTEM  PRESSURE 
BET\VEEN  72  AND  82  PSI) 


1, 
2, 

5, 


Figure  14, 

Select  the  following  statement(s)  that  is/are  true, 

  When  system  pressure  is  between  72  and  82  psi,  the  pressure  closing 

and  pressure  opening  valves  are  closed. 

  IThen  the  pressure  closing  valve  closes,  pressure  build-up  is  halted, 

  The  pressure  closing  valve  is  set  to  close  at  52  psi, 

  IThen  the  pressure  closing  valve  closes,  liquid  oxygen  trapped  in 

the  build-up  coil  will  evaporate  and  cause  a  back  flow, 

  In  this  phase,  gaseous  oxygen  for  breathing  is  drawn  through  the 

liquid  check  valve. 


Answers  to  Frame  14;      /  1, 


/  2. 
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/  3. 


/  5. 


ERIC 


Frame  17 

tJn  cases  where  the  use  of  gaseous  oxygen  i3  below  normal  as  shown  in 
(figure  15)  at  the  regulator,  (low  demand)^  and  repeated  cycling  of  the 
system  causes  excessive  pressure  build-up,  the  pressure  opening  valve  will 
o£en.    The  pressure  opening  valve  will  open  at  82  £si  as  shown  below. 
When  this  valve  opens,  gaseous  oxygen  for  breathing  is  drawn  from  the  top 
of  the  container  through  this  valve  and  out  to  the  warm  up  coil.     The  • 
pressure  opening  valve  remains  open  as  long  as  normal  evaporation  in  che 
container  is  adequate  to  maintain  system  pressure  above  82  psi.  With 
this,  valve  open,  a  back  pressure  will  close  the  liquid  check  valve  as 
shown.    This  phase  of  operation  continues  until  system  pressure  drops 
below  82  psi  again.    When  the  oxygen  system  is  not  being  used  at  all, 
normal  evaporation  in  the  container  will  cause  pressure  to  build  up  until 
it  reaches  thejsettlng  of  the  container  relief  valve  (110  psi).    Tliis  will 
vent  excess  pressure  overboard. 


CONTAINER  RELIEF  VALVE 
Figure  15. 

Select  the  following  statement (s)  that  is/are  true. 

!•    The  pressure  opening  valve  opens  at  82  psi. 

2*    A  low  demand  on  the  system  causes  pressure  to  build  up. 

3»    When  the  pressure  opening  valve  is  open,  breaching  oxygen  is 

drawn  from  the  top  of  the  container. 

^»    In  this  phase,  the  liquid  check  valve  is  open. 

  If  no  oxygen  is  being  used,  pressure  will  rise  to  the  relief 

valve  setting. 

Answers  to  Frame  15:      /    1.      _/  1,        /  3, 
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Frame  18 
Instructions 

The  following  page  has  a  schematic  (figure  16)  of  the  liquid 
oxygen  system  we  have  been  discussing.    Use  this  page  to  do  the 
following: 


Identify  the  components  in  the  system  by  placing  the  letters  from 
the  arrowed  circles  by  the  correct  name  of  that  component  in  the  given 
list*    Check  your  answers  on  the  following  page. 


Draw  the  necessary  valves  open  or  closed  (with  a  black  pencil)  to 
indicate  the  position  they  would  take  if  the  system  pressure  was  above 
82  psi.    Now  use  a  red  pencil  and  trace  in  the  liquid  flow  and  a  blue 
pencil  to  show  gaseous  oxygen  flow.    Check  your  tracing  against  the 
schematic  for  this  phase  of  operation  in  the  text. 


Part  1 


Part  2 


Answers  to  Frame  16:      ^  !♦ 


/  2. 


3. 


/  4. 


/  5. 
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Frame    18  (cont'd) 


 Vent  Quick  Disconnect, 

2,  Fill, Build-Up, and  Vent  Valve, 

3*  Fill  Check  Valve, 

4^  Liquid  Container, 

5.  Build-Up  Coil, 

6,  — ^Liquid  Check  Valve, 


7.  Pressure  Opening-Pressure  Closing  Valve, 

8.  Container  Relief  Valve, 

9.  Suppler  Quick  Disconnect, 


VENT 


Frame  19 


We  have  told  how  the  LOX  is  stored  and  turned  into  gaseous  oxygen. 
Now  we  will  talk  about  the  different  ways  this  oxygen  can  be  delivered 
to  the  crew  by  the  regulators.    Oxygen  systems  are  usually  referred  to 
by  the  type  of  regulator  installed  in  the  distribution  section  of  the 
system.    If  a  system  has  a  continuous  flow  regulator  installed ,  it  would 
be  referred  to  as  a  continuous  flow  system,  etc.    There  are  three  types 
of  oxygen  systems  that  we  will  discuss,  the  Demand,  Pressure  Demand,  and 
Continuous  Flow  type  systems. 

Check  the  following  statement (s)  that  are  true. 

1,    A  pressure  demand  system  uses  a  pressure  demand  regulator. 

2.    Demand,  Pressure  Demand  and  Continuous  flow  are  three  different 


ways  oxygen  can  be  delivered  to  the  crew. 


Answers  lo  Frame  17: 


/  1. 


/  2. 


/  3. 


/  5. 
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Frame  20 


^The  demand  oxygen  systems  main  component  is  the  diluter  demand 
regulator •    The  regulator  gets  its  name  from  the  fact  that  it  aelivers 
oxygen  mixed  with  air,  to  ycur  lungs,  in  response  to  the  suction  of 
your  breath;  that  is,  on  demand.    It  will  supply  enough  oxygen  for  all 
altitudes  up  to  35,000  feet.    Each  time  you  inhale,  you  close  a  valve     Cj  n 
in  the  mask  and  open  a  valve  in  the  regulator.    When  you  exhale,  you 
reverse  this  process. 

Below  34,000  feet  the  diluter  feature  of  this  regulator  mixes 
suitable  amounts  of  cabin  air  with  100%  oxygen  from  the  converter.  This 
will  conserve  the  oxygen  from  the  converter.    At  altitudes  above  34,000 
feet,  an  aneroid  (bellows  assembly)  will  contract,  closing  the  aijr  inlet 
of  the  regulator,  allowing  only  oxygen  to  be  supplied  to  the  mask.  This 
is  100%  oxygen  from  the  converter.    To  get  100%  oxygen  below  34,000  feet, 
a  diluteih  control  on  the  regulator  can  be  moved  from  the  normal  oxygen 
positionco  the  100%  oxygen  position. 

Note:    This  is  normally  done  only  to  test  and  check  th**  oxygen  system, 
in  an  emergency,  or  under  special  circumstances  such  as,  the  treatment 
of  wounded  or  shock  victims.    High  altitude  missions  also  call  for 
100%  oxygen. 

Check  the  true  statement (s) • 

1,    The  main  component  of  the  demand  system  is  the  diluter  demand 

regulator, 

2,    The  demand  system  responds  to  the  suction  of  your  breath • 

3,    The  diluter  demand  regulator  mixes  air  and  oxygen  at  35,000  feet. 

4,    100%  oxygen  can  be  obtained  from  the  diluter  demand  system  below 

34,000  feet* 


ERLC 


Answers  to  Frame  18:  _E  ^1.    _G  2.      D  3.    _J  ^4.    _C  ^5.    _A  (>. 

H    7.      F    8.    _I  9.      B    10.      K  11. 
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The  diluter  demand  regulator  sends  oxygen,  or  oxygen  mixed  with  air, 
to  the  user  on  demand  or  when  he  breathes ♦    This  is  all  just  fine  until 
we  reach  a  height  of  about  40,000  feet*     From  40,000  feet  up,  the  human 
body  needs  oxygen  under  pressure  to  work  the  way  it  should •    At  sea 
level  pressure,  carbon  dioxide  and  water  are  stable  in  the  blood  stream 
and  oxygen  saturation  of  the  blood  is  100%,    At  low  atmospheric  pressure 
(high  altitude) ,  carbon  dioxide  and  water  vaporize  in  the  lungs  and 
pressure  builds  up  that  keeps  oxygen  from  entering  the  lungs.    By  adding 
pressure  to  the  oxygen  (pressure  breathing) ,  we  get  rid  of  this  pressure 
in  the  lungs  and  force  the  carbon  dioxide  out  and  force  oxygen  in, 
I.ook  at  figure  17  to  see  why  different  systems  are  required. 


ALTITUDE  AND  BLOOD  OXYGEN  SATURATION 
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Figure  17. 

Check  the  following  statement (s)  that  are  true. 


1. 
2. 

3. 
A. 


AO, 000  feet  is  the  limit  of  a  demand  oxygen  regulator. 

10,000  feet  is  the  highest  a  pet&cn  can  reach  safely  without 
oxygen  equipment. 

At  45,000  feet  a  pressure  suit  should  be  worn. 

AA,000  feet  is  the  highest  a  pilot  can  safely  fly  with  a 
pressure  breathing  system. 


Answers  to  Frame  19:      /    1.        /  2. 
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Frame  22 


With  pressure  breathing,  as  shown  in  the  chart  in  the  past  frame, 
we  are  safe  up  to  a  height  of  about  50,000  feet*  Above  th±t  height, 
the  carbon  dioxide  and  water  vapor  pressure  will  rise  to  a  point  where 
any  more  of  an  increase  in  oxygen  pressure  would  damage  the  lungs.  Also, 
nbove  50,000  feet,  a  pressure  suit  is  needed  in  case  cabin  pressure  is 
lost.  Without  any  pressure  blood  will  boil  at  60,000  feet,  so  you  can 
see  the  need  of  this  equipment. 

Now  that  you  know  why  we  need  pressure  breathing,  let's  talk  about 
the  pressure  demand  oxygen  regulator.    Below  35,000  feet  the  pressure 
demand  oxygen  regulator,  functions  as  an  ordinary  demand  regulator. 
Above  35,000  feet,  the  regulator  has  a  positive  pressure  mechanism  which 
comes  into  operation,  either  by  manually  positioning  a  dial  on  the 
regulator,  or  automatically  by  an  aneroid  in  the  regulator.    This  positive 
pressure  mechanism  will  deliver  oxygen  to  your  lungs  at  a  pressure  slightly 
higher  than  that  outside  your  body. 

Check  the  following  statement (s)  that  are  true. 

1,    Below  35,000  feet  a  pressure  demand  regulator  functions  as  a 

demand  regulator. 

2,    Pressure  breathing  is  automatically  delivered  above  35,000  feet 

by  the  pressure  demand  oxygen  regulator. 


Answers  to  Frame  20:      /   1.        /    2.   ^3.        )/  A. 
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Frame  23 


Continuous  flow  or  constant  flow  oxygen  equipment  is  not  used  in 
any  of  the  combat  type  aircraft.    It  is  used  in  some  of  the  training 
aircraft,  and  all  cargo  aircraft  that  take  part  in  air  evacuation  and 
the  transporting  of  troops  and  cargo.    The  crew,  which  is  in  the  front 
part  of  the  aircraft,  uses  the  demand  type  oxygen  regulator,  while  the 
cargo  part  in  the  rear  of  the  aircraft  uses  the  constant  flow  system. 
The  main  reason  for  this  is  that  the  constant  flow  system  does  not  meet 
the  needs  of  the  crew.    The  svpply  for  the  constant  flow  system  is  the 
same  as  it  is  for  the  demand  system,  either  the  gaseous  or  the  liquid 
may  be  used.    There  are  two  types  of  continious  flow  regulators,  the 
hand  adjustment  types  and  the  automatic  types. 

Check  the  following  statement (s)  that  are  true. 
1,    ConstauL  flow  systems  are  not  used  in  combat  aircraft. 


2.    Constant  flow  systems  use  only  a  gaseous  oxygen  s'lpply. 


Answers  to  Frame  21:      /   1.       ^    2>      _/  3.     _/  ^4. 
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Frame  24 


The  hand  adjustment  type  regulators  are  designed  to  deliver  a 
continuous  stream  of  oxygen,  at  a  rate  of  flow,  which  is  manually 
controlled.    The  pressure  reducing  mechanism  and  a  needle  valve  control 
flow  from  the  regulator.    A  pressure  gage  and  flow  indicator,  calibrated 
in  terms  of  altitude,  are  used  to  monitor  flow  from  the  regulator.  Flow 
from  the  regulator  is  adjusted  by  turning  the  manual  control  knob  until 
the  reading  of  the  flow  indicator  corresponds  to  the  aircraft's  altitude. 
If  the  aircraft  is  climbing  at  a  rapid  rate  the  flow  indicator  should  be 
set  about  5,000  feet  above  aircraft  altitude. 

Automatic  type  continuous  flow  regulators  are  used  in  transport 
aircraft  for  supplying  oxygen  to  passengers,  troops  or  litter  patients. 
The  regulator  supplies  oxygen  automatically,  and  is  controlled  by  an 
aneroid  for  increasing  oxygen  flow  with  increasing  altitude.    It  has  no 
manual  controls  or  flow  indicators.    The  main  disadvantage  of  a  continuous 
flow  system  is  it  uses  oxygen  at  a  very  rapid  rate.    One  regulator  can 
supply  up  to  100  passengers  with  oxygen.    To  insure  the  oxygen  supply  is 
not  depleted,  a  crewmember  mupt  monitor  pressure  at  frequent  intervals, 
on  a  pressure  gage  installed'  in  the  distribution  line.    Only  one  pressure 
gage  is  installed  in  each  passenger  compartment. 

Check  the  following  statement (s)  that  are  true. 

  The  flow  indicator  is  used  to  monitor  flow  from  the  regulator. 

2.    The  manual  control  knob  controls  flow  from  the  regulator. 

3.    Automatic  continuous  flow  regulators  are  controlled  by  an  aneroid. 

A.    Continuous  flow  systems  rapidly  deplete  oxygen. 


Answers  to  Frame  22:      /    1.        /  2. 

Answers  to  Frame  23:        /  1.   2. 

Answers  to  Frame  24:       /  1.        /    2.        /    3.        /  A. 
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LIQUID  OXYGEN  SYSTEMS 

OBJECTIVES 

This  study  guide  was  designed  to  be  used  as  study  material  for  the 
measurement  test.     Information  contained  in  this  study  guide  can  also  be 
used  for  the  progress  check  for  this  particular  objective.    There  is  also 
supporting  material  for  the  instructor's  lesson, 

INTRODUCTION 

The  liquid  oxygen  (LOX)  system,  which  will  be  discussed  in  this 
text,  is  the  source  of  gaseous  oxygen  for  the  crew. 

While  the  low  pressure  and  high  pressure  gaseous  systems  are  still 
being  used  on  Air  Force  aircraft,  these  systems  are  gradually  being 
changed  to  the  liquid  oxygen  system.    Since  inflight  refueling  was 
introduced,  an  aircraft  can  fly  for  long  periods  of  time,    Tlie  pilot 
and  crew  need  large  amounts  of  oxygen.    The  low  pressure  gaseous  cylinders 
are  light  but  take  up  a  lot  of  space.    The  high  pressure  cylinders  take 
up  less  space  but  are  heavier.    The  best  choice  was  to  use  the  LOX  system, 
which  saves  space  and  weight.    The  average  weight  and  space  reduction  for 
all  aircraft  is  74%, 

There  are  quite  a  few  types  of  liquid  oxygen  systems  used  on  Air 
Force  aircraft.    The  type  of  system  installed  in  an  aircraft  will  depend 
upon  the  aircraft's  manufacturer,  and  its  mission.    Liquid  oxygen  converters 
(containers)  used  on  fighter  type  aircraft  are  small,  (5  to  10  liter)  low 
pressure  70  psi  converters.     Because  of  the  size  of  the  crew  and  the  number 
of  pajisengers,  large  bomber  and  cargo  aircraft  use  the  larger,  (25  to  75 
liter),  high  pressure,  300  psi  converters* 

CHARACTERISTICS  OF  LOX 

LOX  (liquid  oxygen)  is  a  pale  blue,  waterlike  fluid;  its  boiling 
temperature  is  minus  -297 ®F.    This  means  that  at  any  temperature  above 
-297°F,  for  instance    at  -296°F,  LOX  will  boil;  changing  state  from 
liquid  to  gas,    VThen  liquid  oxygen  evaporates,  it  expands  to  about  860 
times  its  original  volume. 

When  working  with  LOX  you  should  observe  all  safety  precautions. 
Never  allow  LOX  to  come  in  contact  with  your  skin,  LOX,  as  we  stated 
earlier,  is  extremely  cold  and  can  cause  immediate  frostbite  (burns). 
If  your  skin  does  come  in  contact  with  LOX,  you  should  flush  the  area 
with  water  and  see  a  doctor  immediately.    Never  confine  LOX  in  any 
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are  light  but  take  up  a  lot  of  space*  ■  The  high  pressure  cylinders  take 

up  less  space  but  are  heavier ♦  The  best  choice  was  to  use  the  LOX  system, 

which  saves  space  and  weight •  The  average  weight  and  space  reduction  for 
all  aircraft  is  74%, 


Figure  1, 


CONVERTER 


The  liquid  oxygen  converter  assembly  (see  figure  1)  is  the  main  part 
of  a  liquid  oxygen  system-    This  multi-function  unit  is  designed  to  receive 
and  store  the  liquid.     It  will  also  allow  some  liquid  to  change  to  a  gaseous 
state*    This  gaseous  oxygen  is  automatically  supplied  at  a  constant  pressure 
to  the  oxygen  regulator  for  crew  use. 

The  container  is  the  largest  part  of  the  converter  assembly •  The 
container  is  a  double  walled,  vacuumed  insulated  unit  similar  to  the  common 
"ITiermos*'  bottle.     It  is  also  known  as  a  **Dewar"  flask  after  its  inventor. 
As  shown  (in  figure  1)  the  liquid  is  stored  in  the  inner  shell  and  a  vacuum 
separates  it  from  the  outer  shell.    The  outer  shell  has  a  rupture  disc 
installed  that  will  blow  out  to  prevent  an  explosion;  if  the  inner  shell 
develops  a  leak,  the  rupture  disc  will  blow  and  relieve  pressure  at  30  psi. 


5^' 

Figure  2. 


QUANTITY  INDICATING  SYSTEM 


1 


The  quantity  indicating  system  is  a  capacitance  contents  gage  system* 
This  indicating  system  uses  a  variable  capacitance  probe  which  is  located 
in  the  liquid  container  (see  figure  2).    The  probe  varies  capacitance  as 
the  liquid  level  changes.    This  varying  signal  is  measured  and  turned  into 
a  liquid  level  indication  by  the  capacitance  gage. 
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Figure  3. 


As  you  may  recall,  a  capacitor  has  two  conducting  plates  with  an 
insulating  material  separating  them.    This  insulating  material  is  called 
the  dielectric.    Materials  such  as  glass,  air,  mica,  waxpaper,  and  oil 
are  used  as  dielectrics.    In  this  case  we  are  using  liquid  oxygen  as  the 
dielectric  between  the  two  plates  of  the  probe  as  shown  (in  figure  3). 
As  the  liquid  level  goes  up  and  down,  a  varying  capacitance  signal  is  made 
The  signal  is  passed  on  to  the  capacitance  gage  by  means  of  a  shielded 
electrical  lead  and  a  coaxial  cable. 


Figure  A. 


LIQUID  OXYGEN  SYSTEM 


Shown  (in  figure  A)  is  a  complete  liquid  oxygen  system.    The  converter 
portion  of  this  system  consists  of  the  following  parts:     (A)  Container, 
(B)  Fill,  Build-up  and  Vent  Valve,   (C)  Build-up  coil,  (D)  Liquid  Check  Valve, 
(E)  Pressure  Opening-Pressure  Closing  Valve,  (F)  Container  Relief  Valve, 
(G)  Quick  Disconnects;  Supply  Line  and  Vent  Line. 

Note:    These  quick  disconnects  are  a  unique  feature  of  this  system 
and  are  not  normally  found  on  most  liquid  oxygen  systems.  They 
enable  the  converter  to  be  removed  and  installed  on  the  aircraft 
with  liquid  oxygen  in  it.    Other  systems  must  be  drained  before 
this  can  be  done. 
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So  far  we  have  discussed  the  converter  assembly  and  its  components. 
Now  let^s  look  at  the  components  of  the  oxygen  system  that  are  fixed  to 
aircraft  (see  figure  5)*    The  supply  line  relief  valve  is  set  at  130  psi 
and  relieves  excessive  pressure  in  the  supply  line  and  warm-up  coil  (or 
warm-up  plate)*    When  the  converter  assembly  is  removed  at  the  quick 
disconnects,  oxygen  is  trapped  in  the  supply  line  and  warm-up  coil  and 
pressures  may  become  excessive  if  the  temperature  changes.    The  supply 
line  relief  valve  takes  care  of  this.    Also,  if  the  container  relief 
valve  fails,  the  supply  line  relief  valve  will  take  over, 

Tlie  purpose  of  the  warm-up  coil  or  plate  is  to  raise  the  temperature 
of  the  gaseous  oxygsn  to  where  it  is  suitable  for  breathing.    The  coil  is 
usually  in  the  cockpit  or  electronics  compartment.    Heat  in  the  area 
surrounding  the  coil  is  transferred  to  the  gaseous  oxygen  as  it  passes 
through  the  coil  on  its  way  to  the  regulators. 
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BUILD-UP  !  ^ 


RLL  OUT 

Figure  6. 


COMBINATION  VALVE 


The  combination  fill,  build-up*  and  vent  valve  shown  (figure  6)  is  a 
dual  function  valve.    On  older  oxygen  systems,  it  would  be  divided  into 
two  separate  valves  (1)  the  fill  valvo  and  (2)  the  build-up  and  vent  valve. 
The  fill  portion  of  the  combin-^tion  valve  has  a  coupling  for  the  filler 
nozzle  of  a  LOX  servicing  cart  to  connect  to.    As  shown  in  (figure  6)  the 
valve  is  normally  in  the  build-up  position.    The  build-up  port  is  connected 
to  the  pressure  opening-pressure  closing  valve.    Gaseous  oxygen  flows  from 
the  pressure  opening-pressure  closing  valve  through  the  build-up  port  into 
the  combination  valve.    It  then  flows  out  of  the  gas  port,  back  to  the  top 
of  the  container.    The  fill  out  port  on  the  valve  is  connected  to  the  bottom 
of  the  container.    The  ball  check  valve  in  thic  port  prevents  a  reverse  flow 
of  liquid  (from  the  bottom  of  the  container)  through  the  valve.    A  dust  cap 
attached  to  a  chain  is  used  on  the  filler  port  of  this  valve.    This  cap 
protects  the  seal  on  the  filler  port  from  damage  and  contamination.  
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Figure  ?• 


When  the  filler  nozzle  from  the  liquid  oxygen  servicing  trailer  is 
connected  to  the  fill,  build-up,  and  vent  valve,  it  will  be  in  the  position 
shown  below  (figure  ?)•     A  pin  in  the  filler  nozzle  pushes  the  valve  shaft 
backwards  and  closes  the  build-up  port.    At  the  same  time,  the  gas  port  is 
opened  to  the  overboard  vent  and  system  pressure  is  discharged  overboard. 
When  the  liquid  flows  in  under  pressure,  it  unseats  the  ball  check  valve 
in  the  "fill  out"  port  and  goes  into  the  container.    When  the  filler 
nozzle  is  removed,  the  ball  check  valve  reseats,  the  valve  shaft  moves  out 
and  automatically  returns  the  system  to  **build-up," 


PRESSURE  OPENING-PRESSURE  CLOSING  VALVE 


The  pressure  opening-pressure  closir*;'  valve  is  a  single  component  that 
contains  two  separate  parts  (see  figure  b) .    The  pressure  closing  valve  acts 
as  the  pressure  regulator  for  the  liquid  oxygen  system.    It  will  either  be 
preset  at  70  psi  or  300  psl  depending  upon  the  type  of  system  the  aircraft 
requires.    The  main  purpose  of  the  high  pressure  (300  psi)  is  to  allow  crew 
members  to  fill  walk  around  bottles  from  the  aircraft  system-    This  means 
that  bomber  and  cargo  aircraft  will  have  to  use  high-pressure  systems. 
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Combination  Pressure  Opening  - 
Pressure  Closing  Valve 

Figure  9, 
PRESSURE  CLOSING  VALVE 

Because  the  pressure  closing  valve  is  going  to  act  as  the  pressure 
regulator  for  the  system,  its  primary  purpose  is  to  maintain  a  constant 
head  pressure  on  top  of  the  liquid  in  the  storage  container.    The  head 
pressure  (gas)  is  used  to  push  the  liquid  out  the  bottom  of  the  container 
and  into  the  evaporator  coil  where  it  is  converted  to  a  gas.    The  bellows 
in  the  pressure  closing  valve  (see  figure  9)  will  sense  the  head  pressure 
and  open  the  valve  if  pressure  drops  below  the  valve  setting  (70  or  300  psi). 
When  the  valve  opens,  gaseous  oxygen  is  transferred  from  the  evaporation 
side  of  the  system  to  the  build-up  side  to  maintain  head  pressure.  The 
pressure  closing  valve  is  normally  an  open  valve  and  is  a  part  of  the 
converter  assembly. 
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Combination  Pressure  Opening  - 
Pressure  Closing  Valve 


Figure  10, 
PRESSURE  OPENING  VALVE 


The  pressure  opening  valve  (PO)  is  the  second  portion  of  the  pressure- 
opening-pressure-closing  valve.    Both  valves  (shown  in  figure  10)  are 
bellows  operated  pressure  regulating  valves  contained  in  one  housing.  As 
you  already  know  the  pressure-closing  (PC)  valve  is  a  normally  open  valve 
that  regulates  system  pressure  to  70  psi  by  controlling  the  container 
"head  pressure*'. 


The  presure-opening  valve  is  normally  closed.    It  will  open  when 
pressure  in  the  sy5tem  reaches  82  psi  or  above.    The  pressure  opening  valve's 
function  is  to  conserve  gaseous  oxygen.    When  the  pressure-opening  valve 
opens  gaseous  oxygen  is  drawn  directly  from  the  top  of  the  container  by  the 
breathing  of  the  crew.    This  excess  head  pressure  is  used  for  crew  breathing 
until  system  pressure  drops  below  82  psi.    The  pressure  opening  valve  then 
closes  and  the  system  returns  to  nonrral. 

Note:    Souie  systems  do  not  have  a  combination  pressure  opening-pressure 
closing  valve.    These  systems  have  a  single  pressure-closing  valve.  The 
pressure-closing  valve  in  these  systems,  regulates  pressure  up  to  82  psi. 
When  the  pressure  in  the  system  reaches  82  psi  (or  above)  the  excess 
pressure  is  vented  overboard  by  a  relief  valve. 
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Figure  11 • 


LIQUID  CHECK  VALVE 


The  liquid  check  valve  is  especially  made  to  work  in  a  liquid  oxygen 
system.    From  its  place  in  the  system,  it  will  do  two  things:     (1)  It 
separates  the  liquid  phase  of  operation  from  the  gaseous  phase.     (2)  It 
stops  a  reverse  flow  of  gaseous  oxygen  (from  the  gaseous  phase)  back 
through  the  liquid  container.    During  normal  operation  of  the  system,  the 
liquid  check  valve  allows  liquid  to  be  drawn  from  the  bottom  of  the 
container  into  the  evaporation  coils  in  the  direction  of  the  arrow.  As 
pressure  in  the  build-up  and  evaporation  sides  changes  because  of  use  or 
liquid  boil-off,  the  check  valve  will  open  and  close  at  5^  psi  below 
the  container  head  presp'ire.    This  makes  a  5  psi  differential  between  the 
gaseous  phase  and  liquid  phase.    When  we  discuss  overall  system  operation, 
the  function  of  the  valve  will  become  more  clear. 
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Figure  12, 


FILL  PHASE  OF  OPERATION 


Now  that  you  are  familiar  with  the  dual  function  valves  used  in  this 
type  of  system,  let's  discuss  the  operation  of  this  system  (see  figure  12), 
In  order  to  fully  understand  what  is  taking  place  within  the  system,  it  is* 
necessary  to  look  at  the  system  in  three  (3)  different  phases  of  operation* 
The  first  phase  is  FILLING  and  this  is  shown  below.    When  the  nozzle  from 
the  servicing  trailer  is  connected  to  the  fill,  build-up  and  vent  valve,  the 
plunger  in  the  valve  is  pushed  in  as  shown.    This  closes  the  build-up  line 
and  provides  an  open  line  to  the  overboard  vent.    Any  pressure  in  the 
system  is  now  vented  overboard,    l^en  the  liquid  oxygen  enters  the  valve, 
it  unseats  the  fill  check  valve  and  goes  into  the  container  through  the 
bottom.    When  the  container  is  full,  liquid  flows  out  the  top  of  the 
container,  back  through  the  valve  and  out  the  overboard  vent.    At  this 
time,  the  nozzle  from  the  servicing  trailer  is  removed  and  this  automatically 
places  the  system  in  the  build-up  phase. 


Figure  13. 


BUILD-UP  PHASE  OF  OPERATION 


Once  the  transfer  hose  nozzle  is  removed,  pressure  begins  to  build  up 
in  the  system.    This  pressure  build-up  continues  until  system  pressure 
reaches  72  psi.    Figure  13  illustrates  this  pressure  build-up  phase. 
Note  that  liquid  is  boiling  off  in  the  build-up  coil  and  returning  to 
the  top  of  the  container  through  the  pressure  closing  valve  (which  is 
open)  and  the  fill,  build-up  and  vent  valve.    The  container  is  building 
up  "head"  pressure.    During  this  phase,  breathing  oxygen  is  obtained  from 
liquid  oxygen  drawn  through  the  liquid  check  valve  (shown  open) .  This 
liquid  will  vaporize  as  it  passes  through  the  supply  line  and  warm  up  coil 
on  its  way  to  the  oxygen  regulator. 
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Figure  14, 


GASEOUS  OXYGEN  DRAWN  THROUGH  LIQUID  CHECK  VALVE 


In  this  phase  of  operation  (shown  in  figure  14)  breathing  oxygen  is 
obtained  from  gaseous  oxygen  drawn  through  the  liquid  check  valve.  In 
this  condition  the  pressure-closing  valve  is  closed  (closed  at  72  psi)  and 
the  pressure-opening  valve  is  still  closed  (opens  at  82  psi).    With  the 
pressure  closing  valve  closed,  pressure  build-up  in  the  system  is  stopped 
because  the  return  path  to  the  top  of  the  container  is  blocked.  The 
liquid  trapped  in  the  build-up  coil  now  evaporates  (shown  evaporated)  and 
causes  a  back  flow  of  liquid  to  the  container.    This  action  is  what  enables 
gaseous  oxygen  to  be  drawn  through  the  liquid  check  valve  (see  schematic) . 
As  the  pressure  is  lowered  by  the  oxygen  being  used,  the  pressure  closing 
valve  will  open  and  pressure  will  again  build-up. 
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LEGEND 

^BSZ  OAS  OXYOEN 
Wk  LtQUlO  OXYOEN 


^^^^ 


SUPPLY   (SYSTEM  PRESSURE 
ABOVE  82  PSI) 


CONTAINER  RELIEF  VALVE 


Figure  15, 
SYSTFM  OPERATION  DURING  LOW  DEMAND 


In  cases  where  the  use  of  gaseous  oxygen  is  below  normal  as  shown  in 
(figure  15)  at  the  regulator  (low  demand),  and  repeated  cycling  of  the 
system  causes  excessive  pressure  build-up,  the  pressure  opening  valve  will 
o£en.    The  pressure  opening  valve  will  open  at  82  £si  as  shown  below. 
When  this  valve  opens,  gaseous  oxygen  for  breathing  is  drawn  from  the  top 
of  the  container  through  this  valve  and  out  to  the  v/arm  up  coil.  The 
pressure  opening  valve  remains  open  as  long  as  normal  evaporation  in  the 
container  is  adequate  to  maintain  system  pressure  above  82  psi.  With 
this  valve  open,  a  back  pressure  will  close  the  liquid  check  valve  as 
shown.    This  phase  of  operation  continues  until  system  pressure  drops 
below  82  psi  again.    l^Jhen  the  oxygen  system  is  not  being  used  at  all, 
normal  evaporation  in  the  container  will  cause  pressure  to  build  *up~until 
it  reaches  the  setting  of  the  container  relief  valve  (110  psi).    This  will 
vent  excess  pressure  overboard. 
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Instructions 

The  following  page  has  a  schematic  (figure  16)  of  the  liquid 
oxygen  system  we  have  been  discussing.    Use  this  page  to  do  the 
following: 

Part  1 

Identify  the  components  in  the  system  by  placing  the  letters  from 
the  arrowed  circles  by  the  correct  name  of  that  component  in  the  given 
list*    Check  your  answers  on  the  following  page* 

Part  2 

Draw  the  necessary  valves  open  or  closed  (with  a  black  pencil)  to 
indicate  the  position  they  would  take  if  the  system  pressure  was  above 
82  psl>    Now  use  a  red  pencil  and  trace  in  the  liquid  flow  and  a  blue 
pencil  to  show  gaseous  oxygen  flow*    Check  your  tracing  against  the 
schematic  for  this  phase  of  operation  in  the  text. 
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1.  — Vent  Quick  D?.8connect, 

2.  FiIl,Build-Up,and  Vent  Valve, 

3.  Fill  Check  Valve. 

4.  Liquid  Container. 

5.  Build-Up  Coil. 

6.  Liquid  Check  Valve, 

7.  — Pressure  Opening-Pressure  Closing  Valve. 

8.  Container  Relief  Valve. 

9.  Supply  Quick  Disconnect. 


VENT 
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DISTRIBUTION  SYSTEM 


We  have  told  how  the  LOX  is  stored  and  turned  into  gaseous  oxygen. 
Now  we  will  talk  about  the  different  ways  this  oxygen  can  be  delivered 
to  the  crew  by  the  regulators.    Oxygen  systems  are  usually  referred  to 
by  the  type  of  regulator  installed  in  the  distribution  section  of  the 
system.    If  a  system  has  a  continuous  flow  regulator  installed,  it  would 
be  referred  to  as  a  continuous  flow  system,  etc.    There  are  three  types 
of  oxygen  systems  that  we  will  discuss,  the  Demand,  Pressure  Pemand,  and 
Continuous  Flow  type  systems. 


DEMAND  SYSTEM 


The  demand  oxygen  systems  main  component  is  the  diluter  demand 
regulator.    The  regulator  gets  its  name  from  the  fact  that  it  delivers 
oxygen  mixed  with  air,  to  your  lungs,  in  response  to  the  suction  of 
your  breath;  that  is,  on  demand.    It  will  supply  enough  oxygen  for  all 
altitudes  up  to  35,000  feet.    Each  time  you  inhale,  you  close  a  valve 
in  the  mask  and  open  a  valve  in  the  regulator.    When  you  exhale,  you 
reverse  this  process. 

Below  34,000  feet  the  diluter  feature  of  this  regulator  mixes 
suitable  amounts  of  cabin  air  with  100%  oxygen  from  the  converter.  This 
will  conserve  the  oxygen  from  the  converter.    At  altitudes  above  34,000 
feet,  an  aneroic!  (bellows  assembly)  will  contract,  closing  the  air  inlet 
of  the  regulator,  allowing  only  oxygen  to  be  supplied  to  the  mask.  This 
is  100%  oxygen  from  the  converter.    To  get  100%  oxygen  below  34,000  feet, 
a  diluter  control  on  the  regulator  can  be  moved  from  the  normal  oxygen 
position  to  the  100%  oxygen  position. 

Note:    This  is  normally  done  only  to  test  and  check  the  oxygen  system, 
in  an  emergency,  or  under  special  circumstances  such  as,  the  treatment 
of  wounded  or  shock  victims.    High  altitude  missions  also  call  for 
100%  oxygen. 
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DILUTER  OEMAND  REGULATOR 


The  diluter  demand  regulator  sends  oxygen,  or  oxygen  mixed  with  air, 
to  the  user  on  demand  or  when  he  breathes ♦    This  is  all  just  fine  until 
we  reach  a  height  of  about  AO, 000  feet.    From  AO, 000  feet  up,  the  human 
body  needs  oxygen  under  pressure  to  work  the  way  it  should.    At  sea 
level  pressure,  carbon  dioxide  and  water  are  stable  in  the  blood  stream 
and  oxygen  saturation  of  the  blood  is  100%,    At  low  atmospheric  pressure 
(high  altitude),  carbon  dioxide  and  water  vaporize  in  the  lungs  and 
pressure  builds  up  that  keeps  oxygen  from  entering  the  lungs.     By  adding 
pressure  to  the  oxygen  (pressure  breathing),  we  get  rid  of  this  pressure 
in  the  lungs  and  force  the  carbon  dioxide  out  and  force  oxygen  in. 
Look  at  figure  17  to  see  why  different  systems  are  required. 


.    ALTITUDE  AND  BLOOD  OXYGEN  SATURATION 


OXYGEN  SATURATION 

:  95%  90% 

B0% 

75% 

SYMPTOMS  AT 

<t 

VARIOUS  OXYGEN 

UNDETECTABLE 

UNDUE 

ERRORS  OF 

SERIOUS 

SATURATIONS: 

HYPOXIA 

FATIGUE 

JUDGMENT 

HANDICAP 

Figure  17. 
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PRESSURE  DEMAND  SYSTEM 


With  pressure  breathing,  as  shown  in  the  chart  in  the  past  frame, 
we  are  safe  up  to  a  height  of  about  50,000  feet.  Above  this  height, 
the  carbon  dioxide  and  water  vapor  pressure  will  rise  to  a  point  where 
any  more  of  an  increase  in  oxygen  pressure  would  damage  the  lungs.  Also, 
above  50,000  feet,  a  pressure  suit  is  needed  in  case  cabin  pressure  is 
lost.  Without  any  pressure  blood  will  boil  at  60,000  feet,  so  you  can 
see  the  need  of  this  equipment. 

Now  that  you  know  why  we  need  pressure  breathing,  let's  talk  about 
the  pressure  demand  oxygen  regulator.    Below  35,000  feet  the  pressure 
demand  oxygen  regulator,  functions  as  an  ordinary  demand  regulator. 
Above  35,000  feet,  the  regulator  has  a  positive  pressure  mechanism  which 
comes  into  operation,  either  by  manually  positioning  a  dial  on  the 
regulator,  or  automatically  by  an  aneroid  in  the  regulator.    This  positive 
pressure  mechanism  will  deliver  oxygen  to  your  lungs  at  a  pressure  slightly 
higher  than  that  outside  your  body. 
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CONTINUOUS  FLOW  SYSTEM 

Continuous  flow  or  constant  flow  oxygen  equipment  is  not  used  in 
any  of  the  combat  tjrpe  aircraft.    It  is  used  in  some  of  the  training 
aircraft,  and  all  cSifgo  aircraft  that  take  part  in  air  evacuation  and 
the  transporting  of  troops  and  cargo.    The  crew,  which  is  in  the  front 
part  of  the  aircraft >  uses  %he  demand  type  oxygen  regulator,  while  the 
cargo  part  in  the  rear  of  the  aircraft  uses  the  constant  flow  system. 
The  main  reason  for  this  is  that  the  constant  flow  system  does  not  meet 
the  needs  of  the  crew.    The  supply  for  the  constant  flow  system  is  the 
same  as  it  is  for  the  demand  system,  either  the  gaseous  or  the  liquid 
may  be  used.    There  are  two  types  of  continuous  flow  regulators,  the 
hand  adjustment  types  and  the  automatic  types. 

CONTINUOUS  FLOW  REGULATOR 

The  hand  adjustment  type  regulators  are  designed  to  deliver  a 
continuous  stream  of  oxygen*  at  a  rate  of  flow,  which  is  manually 
controlled.    The  pressure  reducing  mechanism  and  a  needle  valve  control 
flow  from  the  regulator.    A  pressure  gage  and  flow  indicator,  calibrated 
in  terms  of  altitude,  are  used  to  monitor  flow  from  the  regulator.  Flow 
from  the  regulator  is  adjusted  by  turning  the  manual  control  knob  until 
the  reading  of  the  flow  indicator  corresponds  to  the  aircraft's  altitude. 
If  the  aircraft  is  climbing  at  a  rapid  rate  the  flow  indicator  should  be 
set  about  5,000  feet  above  aircraft  altitude. 

Automatic  type  continuous  flow  regulators  are  used  in  transport 
aircraft  for  supplying  oxygen  to  passengers,  troops  or  litter  patients. 
The  regulator  supplies  oxygen  automatically,  and  is  controlled  by  an 
aneroid  for  increasing  oxygen  flow  with  increasing  altitude.    It  has  no 
manual  controls  or  flow  indicators.    The  main  disadvantage  of  a  continuous 
flow  syitem  is  it  uses  oxygen  at  a  very  rapid  rate.    One  regulator  can 
supply  up  to  100  passengers  with  oxygen.    To  insure  the  oxygen  supply  is 
not  depleted,  a  crewmember  must  monitor  pressure  at  frequent  intervals, 
on  a  pressure  gage  installed  in  the  distribution  line.    Only  one  pressure 
gage  is  installed  in  each  passenger  compartment. 
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SERVICE  TEST 

Knvironmental  Branch  C3ABR42331-HO-402 
Chnnutc  AFB,  Illinois  27  January  198A 


LIQUID  OXYGEN  SYSTEM 

1.  Vent  Quick  Disconnect. 

2.   Kill,  Build-Up,  and  Vent  Valve. 

3.   ^Ball  Check  Valve. 

4.   ^Liquid  Container. 

5.   Build-Up  Coil. 

6.   Liquid  Check. 

7.   ^Pressure  Opening-Pressure  Closing  Valve. 

8.  ^Container  Relief  Valve. 

9.   ^Supply  Quick  Disconnect. 

10.   Warm-Up  Coil. 

IJ.  Supply  Line  (System)  Relief  Valve. 
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Environmental  Pneudraulics  Branch 
Chanute  AFB,  Illinois 


3ABR42331-HO-402 
12  August  1980 


FOREIGN  OBJECT  DAMAGE  PREVENTION 
AND  COMPOSITE  TOOLKITS  (CTK) 

Dollars  out  of  your  pocket!!!    Sounds  drastic,  doesn't  it?  Every- 
day throughout  the  military,  thousands  of  dollars  are  wasted  through 
foreign  object  damage  (FOD).    These  initials  -  FOD  -  are  probably  new 
to  you,  but  during  your  stay  in  the  Air  Force  they  will  become 
familiar  to  you. 

Foreign  Object  Damge  is  caused  by  a  variety  of  things,  mostly 
man-^made.    A  mechanic  Installs  a  new  engine  bleed  valve*    During  his 
installation  he  drops  a  1/4"  bolt  (sounds  pretty  small,  right?).  In 
his  haste  to  complete  the  Job,  he  fails  to  check  the  area  for  FOD 
items.    This  small  1/4"  bolt  is  eaten  by  the  engine.    Engines,  you  will 
find,  have  a  big  appetite;  they  will  eat  anything  that  can  pass  their 
inlet  —  b6lts,  nuts,  safety  wire,  tools,  rocks,  even  ear  defenders 
and  hats.    The  bolt,  while  being  digested  by  the  engine,  nicks  two 
compressors  and  three  turbine  blades.    This  damage  does  not  become 
known  until  the  pilot  advances  the  throttles  on  takeoff.    The  turbine 
blades  crack,  causing  the  engine  to  be  out  of  balance.    The  engine 
disintegrates,  rupturing  the  fuel  cells.    Scratch  one  aircraft  and 
eight  people  (four  crew  members  and  a  family  of  four)  as  the  aircraft 
crashes  on  a  highway  two  miles  from  the  end  of  the  runway.  Although 
this  is  fictitious,  incidents  such  as  this  have  happened  and  will 
continue,  unless  we  all  practice  good  FOD  prevention. 

In  dollars  alone,  we  spend  millions  that  need  not  be  spent  from 
damage  caused  by  foreign  objects.  In  1976,  SAC  spent  over  a  million 
dollars  due  to  FOD.  This  Includes  damaged  engines,  tires,  equipment 
and  personal  Injuries. 

We  all  complain  about  spending  our  money,  especially  when  we  have 
nothing  to  show  for  it.    FOD  is  a  major  drain  on  your  pocket.  Being 
in  the  Air  Force  you  tend  to  lose  twice.    How?    First,  your  tax 
dollars  must  be  used  to  remedy  FOD;  they  must  pay  to  replace  or 
repair  items  damaged  by  FOD.    Secondly,  since  the  Defense  budget  is 
fixed  (you  get  a  set  amount  to  operate  on  for  one  year),  the  more  you 
spend  needlessly,  the  less  you  have  to  operate  on  daily.    As  an  example 
of  this,  if  a  B-52  tire  is  damaged  by  FOD,  $280.00  is  spent  out  of  the 
Air  Force  budget.    This  is  $280.00  less  you'll  have  to  spend  on  new 
equipment  to  make  your  job  a  little  easier.    It  is  really  a  needless 
expense,  so  practice  good  FOD  prevention;  it  m&kes  good  sense! 

While  doing  your  projects,  you  will  be  required  to  practice  FOD 
prevention.    This  means  you  will  use  care  not  to  allow  nuts,  bolts, 
safety  wire,  etc.,  to  be  left  in  your  work  area  when  you  complete  your 
assigned  job*    Use  the  magnet  provided  to  remove  all  traces  of  FOD. 
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Clean  up  your  project  area.    If  your  instructor  finds  FOD 
items  during  his  inspection  of  your  project,  you  will  be  required 
to  reaccomplish  the  project.    This  is  treated  the  same  as  a 
technical  error  and  a  failure  will  be  entered  in  your  progress 
record.    Get  used  to  it  now,  since  it  will  become  a  part  of  your 
everyday  life  during  your  Air  Force  career. 

While  you  are  doing  your  projects,  you  will  also  use  a 
consolidated  toolkit  (referred  to  as  a  CTK).    The  CTK  program  is 
one  of  many  integral  parts  of  the  FOD  program.    This  kit  is  a 
quick  means  of  identifying  lost  or  misplaced  tools*    They  are  made 
in  many  forms,  such  as  bags,  shadow  boards,  metal  and  wooden  boxes. 
Some  are  even  designed  to  fit  into  briefcases. 

A  CTK  is  one  of  these  containers  mentioned  and  is  usually 
filled  with  strips  of  styrofoam  or  some  type  of  spongy  material. 
A  silhouette  of  that  tool  is  cut  out  and  usually  painted  a  specific 
color.    The  tools  required  to  do  the  job  are  then  placed  in  the 
container.    This  is  done  so  that  any  shortage  can  Instantly  be 
identified. 

If  any  shortage  does  occur,  you  can  easily  find  the  tool  since 
you  have  not  left  the  job.    You  must  backtrack  until  you  find  the 
tool.    This  will  prevent  FOD  and  perhaps  save  thousands  of  dollars 
in  FOD  damage. 
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AIRCRAJT  LIQUID  OXYGEN  SYSTEMS  BASIC  SYSTEM  WITH  SINGLE  FUNCTION  VALVES 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 

DO  NOT  USE  ON  THE  JOB  RGL:  9.9 


1238 


OBJECTIVE 


Relate  four  of  five  basic  liquid  oxygen  system  components  to  their 
operation. 

INSTRUCTIONS 

As  you  read  and  study  each  frame  in  this  programmed  text,  locate 
in  the  classroom  the  particular  component  or  system  you  are  reading 
about.    Each  individual  part  and  a  complete  system  on  a  trainer  will  be 
available  for  you  to  see  and  inspect.    Also,  after  each  frame  you  will 
find  a  number  of  statements  and  you  are  asked  to  select  the  true 
statement  or  statements  from  this  list.    Read  the  material  carefully 
before  making  a  selection.    If  you  select  vhe  correct  answers,  continue 
to  the  next  frame.    If  you  are  wrong  or  in  doubt,  read  the  material 
again  and  correct  yourself  before  continuing.    The  answers  to  the 
statements  can  be  found  on  the  top  of  the  next  page. 
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Frame  1 


Shovm  below  i's  a  basic  liquid  oxygen  system.    l6  consists  of  a  con- 
verter assembly  (i)  which  includes  everything  Inside  th6  dashed  liiles,  a 
filler  valve  (HX»  a  buildup  andT  vent  valve  (F),  contents  gage  (E),  oxygen 
regulator  (G),  atd  the  tubing  arid  fittings  required  to  connect  these  com- 
ponents together.    Thi'S  J>asic  system  has  single  function  valves  (valves 
that  have  only  one  purpose) .    lv(  other  systems       haVe  dual  function  or 
combination  valves  that  ser^  mor6  than  one  purpose.    All  of  these  com- 
ponents will  be^discussed  oner  at  a  time  in  this  text  and  will  be  available 
in  the  classroom  for  yotx  ta  see  and  inspect.    Review  the  schematic  shown 
and  identify  all  the  components. 


Aircraft  Liquid  Oxygen  System  (Single  Function  Valves). 
No  Response  Required 
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Frame  2 

The  liquid  oxygen  converter  assembly  is  the  heart  of  the  liquid  oxygen 
system.    This  is  a  multi-function  unit  that  i^  designed  to  receive  and 
store  the  liquid,  pressurize  the  liquid,  convert  the  liquid  to  a  gas  (or 
allows  it  to  be  converted),  and  supply  the  gas  at  a  constant  pressure  to  the 
oxygen  regulators*    Once  the  liquid  container  is  filled  and  the  system  is 
placed  in  operation,  the  conversion  from  liquid  to  gas  is  automatic  as  long 
as  the  gas  is  being  used  and  as  long  as  the  liquid  lasts « 


Five  Liter  Converter  Assembly. 
Check  the  following  statements  that  are  true, 

1,  The  converter  assembly  stores,  pressurizes  and  converts  the 
liquid  to  gas, 

2,  The  converter  assembly  is  the  heart  of  the  liquid  oxygen  system. 

3,  The  converter  assembly  operates  automatically  once  its  filled 
and  the  system  is  placed  in  operation. 
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Answers  to  Frame  2.    1.   /     2.       /        3,  / 


Frame  3 

^The  largest  part  of  the  converter  assembly  is  the  liquid  container • 
Thds  is  a  double  walled,  vacuum  insulated  unit  similar  to  the  coimnon 
"Thermos"  bottle.    It  is  also  known  as  a  "Dewar"  flask  after  it^  inventor, 

shown  below,  the  liquid  ii^  stored  in  the  inner  shell  and  a  vacuum 
separates  it.  from  the  outer  shelrl.    The  outer  shell  haa  a  rapture  disc 
that  will  blow  out  to  prevent  an  explosion  if  the  inner  shell  develops 
a  leak.    The  rupture  disc  will  blow  at  30  psi.    Liquid  containers  vary 
in  size  from  5  to  75  liters  capacity. 


Check  the  following  statements  that  are  true. 

1.  The  container  is  double  walled  and  vacuum  insulated. 

2.  The  rupture  disc  will  blow  at  30  psi. 

3.  Containers  range  in  size  from  5  to  75  liters  capacity. 

4.  Liquid  03cygen  is  stored  in  the  vacuum  area  of  the  container. 

5.  The  largest  part  of  the  converter  assembly  is  the  liquid  container. 
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Answers  to  Frame  3,    !•   /     2.      /          3,        /  4, 


5.  / 


Frame  4 

)  ' 

The  pressure  closing  valve  acts  as  the  pressure  regulator  fat  the 
liquid  oxygen  system.    It  will  either  be  preset  ajt  70  psi  or  300  psi  de- 
pending upon  tljte  type  of  system  th^:  aircraft  requires.    The  main  purpose 
pf  the  high  pressure  (300  psi)  is  to  allow  cr^w  members  to  fill  walk- 
around  bottles  from  the  aircraft] system.    This  means  that  aircraft  like 
the  B-52  and  KC-135  would  have  a  high-pressure  system. 


Pressure  Closing  Valve 
Check  the  following  statements  that  are  true, 

1.  The  pressure  closing  valve  acts  as  a  pressure  regulator, 

2.  Fighter  aircraft  would  require  a  hlgh-pidssure  liquid  oxygen 
system, 

3.  The  pressure  closing  valve  is  set  at  70  or  300  psi, 

_4,      The  main  reason  for  having  a  high-pressure  liquid  oxyg(>n  is  to 

fill  walk-around  bottles, 
5,      The  low-pressure  liquid  oxygen  system  operates  at  70  psi, 
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Answers  to  Frame  4.    1.   /      2.    3.    /        4.    /        5.  / 


ERIC 


Frame  5 

^Because  the^  pressure  closing  valve  is-  going  to  act  as  the  pressure 
regulator  for  th^  system,  its  primary  purpose  is  to  maintain  a  constant 
head  pressure  on'^ top  of  the  liquid  in  the  storage  container.    The  head 
pressure  (ga&)  is  used  tb  push  the  liquid  out  the  bottom  of  the  container 
and  into  the  evaporator  coil  where  it  is  converted  to  a  gas.    The  bellows 
iri:  th^  pressure  closing  valve  (sere  illustration)  will  setise  tfie  he6d  pres- 
sure art^  open  the  valve  if  pressure  drop^  below  th^  valve  setting  (70  or' 
300  psi).    WhefT  the  valve  opens,  gaseous  oxygen  ±6  transferred  from  th^ 
evaporation  side  of  the  system  to  the  build-up  side  to  maintain  head 
pressure.    Th^  pressure  closing  valve  is  part  of'  th^-  converter  assembly. 


tEUOWS 


INLET  PORT 


Check  the  following  statements  that  are  true. 

1.  The  pressure  closing  valve  maintains  a  constant  head  pressure. 

2.  The  pressure  closing  valve  is  part  of  the  converter  assembly. 

3.  The  pressure  closing  valve  acts  as  the  system  pressure  regulator. 

4.  The  head  pressure  (gas)  pushes  the  liquid  out  of  the  container. 

5.  The  pressure  closing  valve  transfers  liquid  oxygen  in  the  system. 
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Answers  to  Frame  5.    1.   /       2.    /         3.    /        4v    /  5. 


Frame  6  /7  ^ 

^-Iti  our  basic  oxygen  system  we'  have  two  (2)  relief  valves.    One  valve 
is  in  the  build-up  siAe  of  the  system  and  relieves  excessive  Kea^ pressure 
from  the  container.    This  valve  is.  set  to  open  at  90  psi  in  the  70  psi 
system  and  345  psi  in  the  300  psi  system. 

Th^  second  relief  valve  is  in  the  evaporation  side  of  the  system  (or 
distribution  sld^e)  arid  protects  it'frcjm  excessive  pressure.    This  valve  is 
set  to  open  at  110  psi  in  a  70  psi  system  and  395  psi  in'' the-" 300  psi  system. 

Both  of  the  relief  valves  are  screwed  into  the  pressure  closing  vaive,  otie 
on  each  side.    The  relief  valves  are  also  part  of  the  converter  assembly. 


VALVE  SEAT 

ft. 520 


Check  the  following  statements  that  are  true. 

1.  The  relief  valve  in  the  build-up  side  relieves  excessive  head 
pressure. 

2.  The  110  psi  relief  valve  is  in  the  build-up  side. 

3.  The  relief  valves  are  screwed  into  the  pressure  closing  valve. 

4.  The  evaporation  side  contains  the  110  psi  relief  valve. 

5.  The  345  and  395  psi  relief  valves  are  found  in  the  300  psi  system. 
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Answers  to  Frame  6.    1.        /  2. 


3.      /        4.      /        5.  / 


Th^.  liquid  check  valve  is  especially  designed       operate  itf  €r  liquid 
oxygen  system.    Frdm  it's  position  iti  th^  system  It  will  accomplish  two  thifigs 

1.  It  separates  the  liquldj  phase  of  operation  from  thcT gaseous  phasg. 

2.  It  prevents  a  reverse  fl6w  of  gaseous  oxygen  (from  th^  gaseous  phase) 
back  through  the  liquid  container.    During  normal  operation  of^the  system, 
the  liquid  check  valve  allows  liquid  tp  be  drawn  from  the  bottom  di  th4 
container  into  , the  evaporation  coil^  in  the  direction  of  the  arrow.  As 
pressure  in  the  build-up  and  evaporation  sides  change  because  of  use  or 
liquid  boil-off,  the  check  valve  will' 0£en  and^ closer^ at^S/psl  below  the 
container  he^  pressure.    This  creates     5^psi  differential  between  th4 
gaseous  phase  and  liquid  phasje.    Whe£  w^  discuss  overall  system  operation, 
the  function  of  the  valve  will  become  more  clear. 


Check  the  following  statements  that  are  true. 

1.  The  check  valve  separates  the  liquid  and  gaseous  phase  of  system 
operation. 

2.  The  liquid  check  valve  is  especially  designed  for  liquid  oxygen 
systems. 

3.  The  check  valve  openQ  or  closes  at  5  psi  below  container  head 
pressure. 

4.  When  the  check  valve  closes,  it  prevents  reverse  flow. 
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Answers  to  Frame  7.    1.   /       2.    /        3.    /        4.  / 


Frame  8 

Cxhe  evaporating  coil  is  made  of) aluminum  alloy  and  mounted  surrounding 
the  liquid  oxygen  container.    This  coll  presents  ^  la^ge  surface  area  which 
allows  the  liquid  oxygen  ta  evaporate  afid  turn  into  a  gas.    Keep  in  mind, 
though,  that  all  converterd  do  not  have  such  a  coil.    When  converters  are 
used  in  large  aircraft  where  tho  tubing  runs  are  comparatively  long,  the 
evaporator  coll  16  not  necessary.    The  long  tubing  runs  provide  the  nec- 
essary heat-exchanging  tubing  surface  area  for  evaporation  o^  the  liquid 
oxygen.    Nqte  thfe  converter  assembly  shown  ou  th6  right  below  does  not  haVe 
ajL  evaporating  coil.    In  the  complete  oxygen  system,  the  regulators  are 
connected  to  the  other  end  of  the  evaporating  coll. 


522 


Check  the  following  statements  that  are  true. 

1.  The  liquid  changes  to  a  gas  in  the  evaporating  coil. 

2.  The  evaporation  coil  can  be  part  of  the  converter  assembly. 

3.  The  oxygen  regulator  is  part  of  the  converter  assembly. 

4.  The  evaporation  tubing  allows  the  gaseous  oxygen  to  heat  up. 

5.  In  large  aircraft,  an  evaporator  coil  is  not  always  necessary. 
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Answers  to  Frame  8.    1.   /       2.   /  3. 


'4.      /      5.  / 


Frame  9 

[ 

L  The  filler  valve  (shown  below)  is  provided  for  the  purpose  of  filling 
the  system  with  liquid  oxygen.    The  filler  valve  is  basically  a  spring 
loaded  check  valve  assembly  with  a  protective  (dust)  cap.'  !  This  valve  is 
also  designed  for  a  quick-disconnect  coupling  with  the  recharging  hose 
nozzle.    When  the  dust  cap  is  removed  from  the  supply  inlet,  the  supply 
source  (recharging  hose)  is  connected  by  pushing  the  nozzle  on  the  valve 
and  making  a  half- turn.    The  nozzle  on  the  servicing  hose  pushes  in  the 
stud  on  the  filler  valve  and  unseats  the  spring  loaded  check  valve  and 
liquid  flows  in.    When  the  servicing  hose  is  removed,  the  spring  reseats 
the  valve.    If  an  aircraft  has  more  than  one  converter,  each  converter 
will  have  its  own  filler  valve. 


TO 


L!QUID  OXYGEN  FiLUR  VALVE 


Check  the  following  statements  that  are  true. 

1.  The  dust  cap  prevents  the  filler  valve  from  leaking. 

2.  One  filler  valve  is  needed  for  each  converter. 

3.  The  filler  valve  is  basically  a  spring  loaded  check  valve. 

4.  The  filler  valve  is  designed  for  a  quick-disconnect  with 
the  servicing  hose  nozzle. 

5.  When  filling  the  system,  the  servicing  hoze  nozzle  reseats 
the  check  valve. 
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Answers  to  Frame  9»    !•    2,   /       3,    /        4«     /        5*   / 


Frame  10 

"^Th'e  build-up  and  vent  valve  (sbown  below)  is  a  manually  operated,  two- 
way  rotary  valve.    When  the  handle  is  turned  to  the  "VBlNT"  position,  the^top 
cf  the  converter  is  vented  to  the  atmosphere.    In  thi^  position,  the  gas" port 
(from  the  top  of  the  converter)  is  now  open  to  the  vent  port  and  the  huild-up 
port  id  closed.    When  the  handle  is  rotated  to  the  position,  the 

gas  port  is  open  to  the  build-up  port  and  the  overboard  vent  port  is  closed. 
As  with  the  filler  valve,  the  name  of  this  valve  states  its  purpose;  it  allows 
the  converter  head  pressure  to  "build-up"  or  be  "vented"  overboard. 


HANDLE 

1. 


aUUD.UP  PORT 

Check  the  following  statements  that  are  true, 
_1.      The  build-up  and  vent  valve  is  a  manually  operated  valve. 

2.  In  "vent,"  the  system  will  not  contain  any  pressure. 

3.  In  "build-up,"  converter  head  pressure  is  trapped  and 


system  pressure  will  rise. 
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Answers  to  Frame  10.    1.   /     2.   /       3.  / 


Frame  11 


^On  the  aircraft,  the  filler  valve  and  build-up  and  vent  valve  are 
located  side  by  side  as  shotoi  below*    Whto  thk  build-up  and  vent  val^e  i^ 
in  "BUILD-UP,"  the  control  handle  covers  the  filler  valve  dust  cap  and  it^ 
cannot  b|]  removed.    This  insures  that  th^  servicing  ho8€  will  nofbe  con- 
nected witii  pressure  in  the  system*    When^servicing  tho^onverter^  thti 
val^e  mu^t  bfe  i£  "VEilT"  as  shotm  06  thfe  r<^ht.    Od  the  other  hand,  thi 
valve  mufiTt  he  in  "BUILD-UP"  for  the  pilot  to"  receive  oxygen.    To  insure 
the  valve  is  in  build-up  before  the  aircraft  takes-off ,  the  access  door 
(filler  well  door)  is  designed  b6  it  cannot  beTclosed  when  the  valve 
handle  is  in  "VENT." 


FIllER  VAIVC 


WARNING 

LIQUID  OXYGiN  IS  DANGEROUS.  OISERVE  All 
SAFETY  PRECAUTIONS  WHILE  PIIUNG  SYSTEM. 


CONTROL 
HANDLE 


FILLER  VALVE 


Check  the  following  statements  that  are  true. 

1.  In  order  to  connect  the  servicing  hose,  the  valve  must  be  in 
"VENT." 

2.  When  the  aircraft  is  flying,  the  valve  must  be  in  "VENT." 

3.  When  the  valve  is  in  build-up,  the  filler  valve  dust  cap  cannot 
be  removed. 

5.      With  the  valve  in  the  "vent"  position,  the  access  door  cannot 
be  closed. 
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Answers  to  Frame  11.    1.    /         2.  3.      /     A.  / 


Frame  12 

The  tubing  (plumbing)  used  in  the  liquid  oxygen  system  i&  aluminum 
alloy.    Also,  all  oi  this  aluminum  tubing  will  be  No.  5  (5/16)  except  in 
thfe  following  places:    K    The  lixt^  f rom)  th?.  filler  valViB  (E)  to  the  liquid 
container  (A)  is  No.  6  (3/8).    This  is  the  filler  line  (see  below).  2. 
The  line  from  the  build-up  and  vent  valve  (F)  to  the  overboard  drain  is 
No.  8  (1/2).    This  is  the  vent  dra^n  lirie.    3.    The  size  and  length  of 
the  evaporating  coil  tubing  (J)  depends  upon  the  size  and  type  of  con- 
verter assembly  (5)  th^t  is  being  used. 


ERLC 


A.  CONTAINER 

B.  CONVERTER  ASSEMCIY 

C.  PRESSURE. CLOSING  VAIVE 

D.  IIO.PSI  OR  395. PSI  RELIEF  VALVE 

E.  CONTENTS  GAGE 

F.  BUILDUP  AND  VENT  VALVE' 


G.  OXYGEN  REGULATOR 

H.  FILLER  VALVE 

I.  CHECK  VALVE 

J.  EVAPORATING  COIL 

K.  90-PSl  OR  345.PSI  RELIE?  VALVE 


Check  the  following  statements  that  are  true. 


1. 
2. 
"3. 

"5. 


The  filler  valve  is  connected  to  the  container  with  No.  6  tubing. 

Aluminum  tubing  is  used  in  the  liquid  oxygen  system. 

The  vent  drain  line  is  No.  8  tubing. 

Most  of  the  liquid  oxygen  tubing  is  No.  5. 

The  evaporating  coil  is  always  No.  5  tubing. 
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Answers  to  Frame  12.    1.      /  2. 


3.  / 


4.  / 


5. 


Frame  13 

Shovn/below  is  a  typical  converter  assembly  installation.    TMs  '  ^ 

assembly  ha^  tKe  saKfe  single  function  valves  we  have  been  discussing.  K^ep 
iiv  mind  the  build-up  and  vent  valv^  and^filler  valve-  ara  not'  shown  because 
in  this  system  they  afe  ntft  part  of  the  converter  assembly. 


ERIC 


Review  the  illustration  above  and  recall  previously  taught  material 
to  write  in  the  components  described  in  each  statement. 

1.    This  valve  acts  as  the  system  pressure  regulator.   


2.  This  valve  separates  the  liquid  and  gaseous  phase  of  operation. 

3.  The  liquid  changes  to  a  gas  in  this  tubing.  ^  


4.  This  relief  valve  protects  the  build-up  side  of  the  system 

5.  This  unit  is  vacuum  insulated  and  holds  the  liquid.   


psi. 


6.    The  servicing  trailer  hose  is  connected  to  this  valve. 


7.    This  valve  allows  system  pressure  to  build-up  or  be  vented  overboard. 


8.    This  relief  valve  protects  the  evaporation  side  of  the  system 


9.    In  the  illustration,  the  pressure  closing  valve  would  be  set  at 

15 

1300 


psi. 
  psi. 


Answers  to  Frame  13.    1.  Pressure  closing  valve.  5.  Liquid  container. 

2.  Liquid  check  valve.         6.  Filler  valve. 

3.  Evaporation  coil.  7.  Build-up  &  vent  valve. 
A.  90  psi.                           8.  110  psi 

9.  70  psi 


Frame  14 

Refer  to  the*  illustration  ofi  thfe  next  page  as  you  read  the^ material 
in  this  frame.    In  the  illustration,  we  show  the  flow  of  liquid  atid  gaseous 
oxygen  with  bubbles  and  slashes  in  the  lines  whil^  thp  system  is'  being  filled. 
Remember  the  build-up  and  vent  valve  has  to  he  in  "v6nt"  to  remove  the  filler 
valve  dust  cap.    Note  that  wit>  th^  build-up  and"  vent  valye  in  "vent/*  the 
tbp  of  tl^  liquid  container  is  vented  overboard.    Note  also  thfe  pressure 
closing  val'^e  iar  "open"  and^  the  system  contains  n</ pressure*    Whed  the  system 
is  in  "vent,"  th^  pressure  closing  valVe  is  isolated  frofa  the  top  of  the 
container.    The  pressure  loss  causes  the.  bellows  ixi^  the  pressure  closing 
valve  to  expand  and  open  the  valve.    When  the  recharging  trailer  hose  is 
connected  to  the  filler  valve,  the-  operator  allows  20  to  30  psi  head  pres- 
sure to  build-up  gnj^top  of  the  liquid  in  the  recharging  trailer.  This 
pressure  forces  liquid  into  the  converter  container  from  the  bottom.  The 
container  is  full  when  a  steady  flow  of  liquid  comes  out  the  overboard 
vent. 

Check  the  following  statements  that  are  true. 

 ^1.      When  the  system  is  in  "vent,"  the  top  of  the  container  is 

vented  overboard. 

 ^2.      The  pressure  closing  valve  will  open  when  pressure  drops 

around  the  bellows. 

 3.      The  converter  container  is  full  when  liquid  comes  out  the 

overboard  vent. 

 The  system  still  contains  70  psi  when  placed  in  "vent." 

 5.      Pressure  in  the  recharging  trailer  forces  liquid  into  the 

converter  container. 

 ^6.      When  placed  in  "vent,"  any  pressure  in  the  system  is  vented 

overboard. 
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Answers  to  Frame  14.    1.      /     2.   /     3.      /     4.  5.    /       6.  / 


Frame  15 


Build -Up 


OXYGEN 
REG. 


FUXER  VALVE  — 


CASEOUS  OXYCE><" 
LIQUID  OXYGEN 


NOTE:    SYSTEM  IS  SHOWN  IN  THE  VENT(FILL)P0SITI0N. 


No  Response  Required. 
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Frame  16 


Refer  tb  the  Illustration  an  the  next  page  when  you  read  the  material 
in  this  frame.    When  the  liquid  container  is  full,  the  build-up  atid  vent 
valve  is  moved  back  to  the  "build-up"  position  a^  shoyn  in  the  illustration. 
\      With  the  system  closed,  pressure  will  now  start  to  rise.    If  yoti  recall,  we 
\i      said  previously  that  the  liquid  check  valve  opens  to  let  liquid  into  the 
evaporating  coil  and  closes  to  prevent  reverse  flow.    Also  remember  the 
pressure  closing  valvfe  is  open  until  its  bellows  senses  a  70  psi  head  pres- 
sure (in  the  low  pressure  system)  on  top  of  the  liquid  in  the  container. 
Note  in  the  illustration  that  the  pressure  closing  valve  is  again  connected 
to  the  top  of  thfe  container  throiigh  the  build-up  and  veut  valve.    Sow,  when 
the  liquid  changes  tp  a  gas  in  the  evaporating  coil,  it  goes  up  through  the 
open  pressure  closing  valve  ap^  builds  up  head  pressure  on  top  of  the  liquid. 
When  70  psi  is  reached,  the  pressure  closing  valve  closes.    When  this  happens, 
the  liquid  left  in  the  evaporating  coil  is  still  changing  to  a  gas  and 
building  pressure  in  this  side  of  the  system.    This  pressure  will  soon  close 
the  liquid  check  valve  (5  psi  differential  is  required)  and  the  system  will 
stabilize,    /^s  gaseous  oxygen  is  used  through  the  regulator,  a  pressure 
drop  allows  the  liquid  check  valve  to  open  and  more  liquid  enters  the 
evaporating  coil.    As  the  liquid  lavel  decreases  in  the  container,  the 
head  pressure  decreases  also.    This  will  cause  the  pressure  closing  valve 
to  open  again  and  allow  the  evaporation  side  to  build  up  head  pressure. 
There  is  little  or  no  lag  in  maintaining  the  required  head  pressure;  and 
for  all  practical  purposes,  oxygen  is  delivered  to  the  regulator  at  a 
constant  pressure  of  70  or  300  psi  depending  upon  the  pre'ssure  closing 
valve  sett-^ng. 

Check  the  following  statements  that  are  true. 

 The  bellows  in  the  pressure  closing  valve  senses  the  container 

head  pressure. 

 ^2.      In  a  70  psi  system,  the  pressure  closing  valve  remains  open 

until  70  psi  is  reached. 

 3.      If  excessive  pressure  builds  up  in  the  evaporator  coils,  the 

90  psi  R.  V.  will  open. 

 The  liquid  check  valve  prevents  reverse  flow  between  the  gaseous 

and  liquid  phase  of  the  system. 

 ^5.      When  pressure  in  the  evaporation  side  is  lower  than  the  head 

pressure  on  the  container,  the  liquid  check  valve  will  open. 
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Answers  to  Frame  16.    1.   /   2.    /      3.    4.    /      5^  / 


Frame  18 


Olefer  ta  the^  Illustration  oti  th6  ne^rt:  page  wh^  you  read  this 
material,    tvi  this  illustration       have  d  separate  build-up  cc/il  iii  oirr 
basic  oxygen  system,    Thl^  is  a.  short  coil  of. tubing  that  changes  the 
liquid  to  a  gas  for  the  sole  purpose  of  maintaining     heid  pressure  ou 
top  of  the  liquid  in  the  container.    Note  that  this  coil  of  tubing  runs 
directly  from  the  bottoia  of  the  container  to  tUe  bottom  of  the  pressure 
closing  valv^.    Wh§n  a /separate  buildup  coil  is^used,  th6  evaporator 
coil  no  longer  has  tc  supply  gaseous  oxygen  for/^  he^  pressure  and  mote 
oxygen  is  available  at  the  oxygen  regulator  foip- breathing.    Thi^"  additional 
circuit  in  no  way  affects  the  operation  of  th^  pressure  closing  valve.  Th6 
bellows  iij  top  of  the  pressure  closing  valve  stiU  senses  the  head"  pressure 
through  the  build-up  and  ve^it  valve.         the  head  pressure  dro<i>s\ below 
70  psi  (or  300  in  the  high-pressure  system),  the  pressure  closing  valve 
bellows  and  expands  and  unseats  the  valve.    The  buildup  coil  will  not 
rebuild  the  head  pressure.    The  build-up  coil  is  usually  around  the  liquid 
container  and  becomes  part  of  the  converter  assembly. 

Check  the  following  statements  that  are  true. 

 ^*      The  build-up  coil  provides  gaseous  oxygen  for  maintaining 

a  head  pressure. 

 ^2.      The  build-up  coil  provides  gaseous  oxygen  for  the  oxygen 

regulator. 

 3.      The  build-up  coil  is  part  of  the  converter  assembly. 

 A.     When  a  build-up  coil  is  used,  the  evaporator  coils  supply 

gaseous  oxygen  for  breathing  purposes  only. 

 5.      The  pressure  closing  valve  operates  the  same  way  when  a  build- 
up coil  is  used. 
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Answers  to  Frame  18.    1.   2.  3.      /     4.      /     5.  / 


Frame  19 


>P'fi  no^a  iyfin  111171  ana  na  a  a  an  miRij 


No  Response  Required 
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Frame  20 


INSTRUCTIONS 

Identify  the  units  in  the  oxygen  system  by  watching  the  letters 
with  the  unit's  name  below* 


OXYGEN 
REG. 


1.    liquid  container.  7#   oxygen  regulator r 

2.    converter  assembly.  8.   oxygen  filler  valve. 

3.    pressure  closing  valve.  9.    liquid  check  valve. 

4.    110  or  395  psi  relief  valve.  10.    evaporator  coils. 

5.    contents  gage.  11.    90  or  345  psi 

relief  valve. 

6.   build-up  and  vent  valve. 
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Answers  to  Frame  20 


1. 
2. 
3. 
4. 


H 


5.  __E_ 

6.   J_ 

7.  __A. 

8.  K 


9. 
10. 
11. 


Frame  21 

This  completes  our  discussion  on  the  basic  liquid  oxygen  system. 
If  you  have  any  questions  about  the  operation  or  components  in  this 
system,  let  your  instructor  koow. 


Remember  Your  Liquid  Oxygen  Safety. 
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Aircraft  Environmental  Systems  Mechanic 


TTU-162/E  LOX  CONVERTER  TESTER 
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OBJECTIVE 

After  completing  this  text,  you  will  be  able  to  relate  8  out  of  10 
components  of  the  TTU-162/E  tester  to  their  purpose. 

INSTRUCTIONS 

This  programmed  text  consists  of  7  frames.    Please  read  the  informa- 
tion presented  in  each  frame,  think  about  it,  and  then  write  your  answer. 
Check  your  answer  on  the  next  page  following  each  frame.    If  you  were 
wrong,  read  the  frame  again  to  see  what  caused  you  to  miss  the  question. 
After  you  are  sure  of  the  information,  move  on  to  the  next  frame. 

Note:    When  you  are  in  the  Oxygen  Lab  you  will  be  required  to 
operate  this  tester,  so  read  these  frames  carefully  and  do  not 
hurry. 


Supersedes  ST  3ABR42331-PT-403,  10  March  1980. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  1000;  TTVSA  -  1 
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Frame  1 


^The  TTU-162/E  Liquid  Oxygen  Converter  Tester  is  used  to  completely 
bench  check  the  individual  components  of  ALL  LOX  converters.    The  tester 
will  check  for  unsatisfactory  components  and  give  provisions  for  adjust- 
ments when  necessary.    You  mijfst  refer  to  the  individual  converter  techni- 
cal order  fc/r  the  specific  converter  yoii  are  testing  ±(i  order  co  do  th^ 
checkout  properly. 

The  tester  consists  ot  2  pressure  gauges,  3  flowmeters,      hand  whe61 
valves,  a  thermometer,  arid  4  connection  ports  with  associated  lines  a^d 
adapters  in  the  lid  of  the  tester.    It  is  also  required  that  you  have  a 
minimum  bf  80  feet  of  aluminum  tubing  to  act  as  a  buildup  coil  for  the 
test  setup.    While  you  are^  reading  thi^  text,  refer  to  figures  I  and  2 
so  that  you  can  become  familiar  with  the  tester  and  its  setup. 

Answer  the  following  True  or  False: 


The  TTU-162/E  can  be  used  to  completely  bench  check  all  liquid 
Oxygen  converters  in  the  US  Air  Force  inventory. 


In  order  to  operate  this  tester,  80  feet  of  aluminum  tubing 
roust  be  used  to  simulate  the  aircraft's  buildup  coil. 


PROCEED  TO  FRAME  2 


r. 


HowMcrcR 


THERMOMETCI 


IHj 


LEAKAGE  EVAPORATION 
lOSS 


+ 

supply 

VAIVE 


SUPPIV 
KOWMETER 


lUllDUP 


CAS 


SUPPIV  _  _   

®    ®    ®  ® 

CONNECTION      CONNECION       CONI  {ClON  VINT 


VINT  VAIVI 


•UllDUP  PifSSUK 


Figure  1.    TTU-162/E  Lox  Converter  Tester. 
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CORRECT  RESPONSES  TO  FRAME  3:    1.  True    2.  True 


Figure  2-     TTU-162/E  Test  Set-up  (Typical), 


Frame  2 


Prior  to  testing  the  converter,  i/must  be  filled  with  liquid  oxygen 
by  using  'a)  servicing  cart.    After  filling,  the  converter  must  set  for  at 
least  15  minutes  to  allow  the  liquid  to  stabilize.    When  the  converter  I<? 
stabilized,  you  will  begin  vith  the  first  test  and  continue  through  the 
technical  order  to  the  last  test.    Each  converter  will  be  tested  for 
evaporation  loss,  pressure  buildup  time,  delivery  flow  rate,  relief 
valve(s)  pressure  setting(s),  and  internal  leakage  through  relief  valve(s). 
We  will  next  take  an  in-depth  look  at  the  individual  components  of  the 
TTU-162/E  tester. 


Answer  the  following  True  or  False: 


1.    After  servicing  the  converter  under  test  with  LOX,  it  must 
stabilize  for  a  minimum  of  5  minutes. 


2.    The  converter  will  be  tested  for  evaporation  loss,  pressure 
buildup,  flow  rate  and  relief  valve  operation. 


PROCEED  TO  FRAME  3 


312 


CORRECT  RESPONSES  TO  FRAME  2:    !•  False    2.  True 


Frame  '3 

There  are  2  pressure  gauges  on  the  v ester •    They  are  used  to  monitor 
supply  pressure  and  buildup  pressure*    These  are  on  the  right  side  of  the 
TTU-162/E  and  are  labeled  as  to  which  pressure  they  read.    The  supply 
pressure  is  that  pressure  which  is  on  the  liquid  oxygen  while  it  is  being 
delivered  to  the  regulator (s) •    The  buildup  pressure  is  that  pressure 
which  is  on  the  liquid  as  it  is  stored  in  the  converter •    Both  gauges 
must  be  capable  of  reading  from  0  tp  600  psig* 

Answer  the  following  True  or  False: 

  1-    The  pressure  gauges  on  the  TTU-162/E  monitor  the  relief  valve 

and  supply  pressures, 

  2*    Both  pressure  gauges  should  be  capable  of  reading  pressures  in 

excess  of  600  psi, 

PROCEED  TO  FRAME  4 


Frame  4 

Tl^e  large  flowmeter  located  in  the  center  of  the  tester  is  used  to 
monitor  the  amount  of  oxygen  flowing  through  the  tester  and  into  the 
regulator (s)*     It  is  called  the  Supply  Flowmeter,  and  it  is  incremented 
in  LPM  (liters  peTr  minute).    Th4  reading  must  be  taken  from  the  TOP  of 
the  float  in  the  tube  to  be  accurate.    This  float  is  set  by  opening  ana] 
closing  the  supply  v^lve  on  the  tester.    The  technical  order  for  tde  ^ 
converter  under  test  will  tell  you  exactly  where  to  stabilize  the  top  of 
the  float.     Immediately  above  this  supply  flowmeter  is  a  thermometer. 
The  purpose  of  this  thermometer  is  to  indicate  the  temperature  of  the 
oxygen  after  ft.  leaves  the  supply  flowmeter  and  before  it  is  delivered 
to  the  oxygen  regulator (s) ,    Any  significant  drop  in  the  temperature  of^ 
the  oxygen  during  any  of  the  t^sts  should  be  cl.ecked  and  corrected  before 
proceeding,  6r  damage  to  the  tester  will  result  from  liquid  reaching  the 
flowmeter. 

Fill  in  the  missing  words: 

1,  The  large  flowmeter  is  in  the   of  the  TTU-162/E  and 

monitors      of    flowing  through  the  tester, 

2,  '     All  readings  on  the   flowmeter  will  be  taken  from  the 

  of  the   in  the  tube  to  be  precise, 

3,  Any  significant    in   of  the  oxygen  going 

through  to  the  flowmeter  should  be  investigated, 

PROCEED  TO  FRAME  5 
5 
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CORRECT  RESPONSES  TO  FRAME  3:    1-  False    2,  False 


CORRECT  RESPONSES  TO  FRAME  A:    1.  center,  amount,  oxygen    2,  supply, 

top,  float    3*  decrease,  temperature 

Frame  5 

There  are  two  smaller  flowmeters  in  the  upper  left  corner  of  the 
tester  with  inlet  ports  at  the  bottom  of  each.    These  flowmeters  are  used 
to  check  the  amount  of  internal  leakage  through  the  relief  valve  (the 
leakage  flowmeter)  and  the  vacuum  space  of  the  converter  (evaporation 
loss  flowmeter) •     The  inlet  ports  at  the  bottom  of  each  flowmeter  are 
used  to  hook  up  a  rubber  or  a  silicone  hose  to  facilitate  the  checks. 
Similar  to  the  larger  supply  flowmeter,  these  flowmeters  are  incremented 
in  liters  per  minute.     The  major  difference  between  the  supply  flowmeter 
and  the  two  smaller  ones  is  that  the  smaller  ones  are  incremented  at  a 
much  lower  scale. 

Answer  the  following  True  or  False, 

  1*    The  two  smaller  flowmeters  on  the  TTU-162/E  are  used  to  check 

for  evaporation  loss  and  relief  valve  internal  leakage, 

  2,    These  two  flowmeters  (similar  to  the  supply  flowmeter)  are 

incremented  in  LPM  (liters  per  minute) , 

PROCEED  TO  FRAKZ  6 


Frame  6 

The  three  valves  on  the  tester  control  panel  are  the  supply  valve, 
the  buildup  valve,  and  the  vent  valve.     Though  their  actual  position  on 
the  cester  panel  will  change,  their  purpose  will  be  the  same.    The  vent 
valve  is  used  to  vent  the  head  pressure  from  the  test  setup  when  it  is 
no  longer  required.    The  supply  valve  is  used  to  adjust  che  rate  of  flow 
of  the  oxygen  going  across  the  supply  flowmeter  and  into  the  regulator(s) , 
Remember  chat  this  is  the  reading  that  is  taken  from  the  top  of  the  float. 
The  buildup  valve,  when  opened,  allows  the  converter  undar  test  to  reach 
its  operating  pressure.    The  technical  order  will  tell  you  which  valve  to 
open  and/or  close  as  you  proceed  through  the  checkout. 

Fill  in  the  missing  words: 

1,      The  three  valves  on  the  converter  tester  are  the    valve, 

the  valve  and  the  valve. 


2,      The  valve  which  is  u^ed  to  adjust  for  proper  rate  of  flow  through 
the  tester  is  the  valve. 


PROCEED  TO  FRAME  7 


6 
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CORRECT  RESPONSES  TO  FRAME  5:     1.  True    2-  True 


CORRECT  RESPONSES  TO  FRAME  6:     !•  supply,  buildup,  vent    2,  supply 


Located  at  the  very  bottom  of  the  tester  are  four  connection  ports. 
These  are  the  supply,  buildup,  gas  and  exhaust  vent  ports,  These^ports 
are  used  together  with  the  lines,  hoses,  adapters  and  fittings  inside 
the  lid  of  the  tester.    Proper  use  of  these  items  will  enable  you  to 
check  all  converters  in  the  US  Air  Force  inventory. 

We  cannot  go  into  any  great  detail  of  the  actual  hookup  procedures 
since  these  will  vary  grear.ly  with  the  converter  and  tester  being  used. 
The  important  thing  to  reraember  here  is  to  follow  the  .  roper  technical 
order  for  the  converter  that  you  are  checking. 

Answer  the  following  True  or  False, 

  1.    There  are  six  connection  ports  at  the  bottom  of  the  TTU-162/E 

tester, 

  2,    Actual  hookup  procedures  are  the  same  for  all  converters  and 


Frame  7  '3^ 


testers. 


PROCEED  TO  MATCHING  EXERCISE 


4 
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CORRECT  RESPONSES  TO  FRAME  7:    1.  False    2.  Fal 


MATCHING  EXERCISE 


INSTRUCTIONS 

Match  the  components  of  the  TTU-162/E  Converter  Tester  in  the  left 
column  with  their  correct  purpose  in  the  right  hand  column. 


1^     Supply  Flowmeter 
1.     Buildup  Valve 

Leakage  Flowmeter 
Vent  Valve 
Connection  Ports 
Supply  Valve 


3- 


frame 


a,      shows  If  the  oxygen  is  too  cold 
going  to  the  regulator (s) • 

shows  oxygen  pressure  while 
stored  in  the  converter • 

c,  tells  if  the  relief  valve  is 
leaking  internally • 

d,  indicates  if  the  converter  is 
allowing  too  much  evaporation^ 

e,  shows  the  amount  of  liquid  being 
delivered  tc  the  regulators, 

allows  a  means  of  connecting  the 
test  ir  to  all  types  of  converters • 

g,  shows  oxygen  pressure  while  it  is 
being  delivered  to  tae  regulator, 

h,  is  used  to  set  the  float  in  the 
larger  flowmeter, 

i,  allows  the  converter  to  reach 
operating  pressure, 

j,      relieves  oxygen  head  pressure 
when  no  longer  required, 

k,      uses  spring  tension  to  sec  the 
smaller  flowmeters. 

Now  check  your  responses  with  the  following  key. 

If  you  had  an  incorrect  response,  go  back  and  review  the  appropriate 


-  8, 
^  9, 
10, 


Evaporation  Loss 
Flowmeter 

Thermometer 

Supply  Pressure  Gauge 

Buildup  Pressure  Gauge 


CORRECT  RESPONSES  TO  MATCHING  EXERCISE:    el,    ^2,     c3,    ^4,  f5. 

h  6,    d  7,        8,    ^9,     b  10, 
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Chanute  AFB,  Illinois 

LIQUID  OXYGEN  SYSTEM  LABORATORY  PROJECTS 

OBJECTIVES 

I,      Using  a  trainer,  safety  equipment  and  workbook,  perform  an 
operational  check  of  a  liquid  oxygen  system.    A  maximum  of  one  instructor 
assist  is  allowed.     Apply  safety  precautions  without  error, 

1.      Given  a  trainer,  applicable  technical  technical  orders  and 
workbook,  use  a  sonic  leak  detector  to  leak  check  a  liquid  oxygen  system, 
A  maximum  of  one  instructor  assist  is  allowed*     Apply  safety  precautions 
without  error, 

3,  Using  the  necessary  tools,  equipment,  applicable  TOs  and  workbook, 
repair  selected  components  of  a  liquid  oxygen  system,     A  maximum  of  one 
instructor  assist,  per  component,  is  allowed.    Apply  safety  precautions 
without  error, 

4,  Given  applicable  TOs  and  workbook,  use  a  TTU/162E  converter  tester 
to  bench  check  a  liquid  oxygen  converter,     A  maximum  of  one  instructor 
assist  is  allowed.     Apply  safety  precautions  without  error, 

5,  Given  applicable  TOs  and  workbook,  use  a  regulator  tester  to 
perform  an  operational  check  of  an  oxygen  regulator,     A  maximum  of  one 
instructor  assist  is  allowed.     Apply  safety  precautions  without  error, 

6,  Given  a  trainer,  applicable  TOs  and  workbook,  use  a  quantity 
indicator  capacitance  tester  and  bench  check  the  converter  capacitance 
system,     A  maximum  of  one  instructor  assist  is  allowed.     Apply  safety 
precautions  without  error, 

INFORMATION 

If  you  cannot  find  the  equipment  that  is  used  with  a  project,  call  an 
instructor.  Any  test  equipment  that  you  use  WILL  be  put  back  in  the  same 
manner  that  you  found  it. 

Safety  is  one  of  the  most  important  things  that  the  instructor  will 
check  you  on  while  you  are  in  the  LOX  lab.     Do  not  take  any  chances  with 
liquid  nitrogen  or  with  the  electrical  equipment,  WORK  SAFELY! 


Supersedes  C3ABR4233I-WB-A03 ,   13  September  1983. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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Read  all  instructions  carefully.     If  in  doubt,  ask  your  instructor  for 
help.    Your  instructor  will  move  you  to  the  work  area  for  each  project. 
You  will  use  the  list  of  equipment  as  directed  by  the  various  projects. 
Each  project  has  a  list  of  specific  procedures. 

Note:    Procedures  that  have  an  asterisk  (^)  in  front  of  them  are 
considered  to  be  the  hardest  tasks.    Instructor  assists  may  be  given 
on  them  as  stated  in  the  objectives. 

SPECIAL  SAFETY  PRECAUTIONS 

There  will  be  no  danger  with  any  of  the  projects  if  you  follow 
instructions.    An  instructor  will  be  available  at  all  times  to  help  you. 

Due  to  the  special  hazards  of  a  training  environment,  you  will  work 
with  liquid  nitrogen.    You  must  locate  and  observe  all  safety  points  that 
must  be  followed  when  handling  liquid  oxygen.    To  help  you,  we  have  irade  a 
list  of  the  safety  points.     Remember,  that  in  the  field  you  will  be  working 
with  liquid  oxygen  instead  of  liquid  nitrogen,  so  you  must  be  alert  and 
safety  conscious  at  all  times  and  treat  nitrogen  as  if  it  were  liquid 
oxygen. 

1.  Hazards  of  handling  liquid  and  gaseous  oxygen. 

a.  Liquid  oxygen,  in  contact  with  the  skin,  will  cause  severe 
frostbite  and  burns. 

b.  When  xiquid  oxygen  is  mixed  with  fuels  it  will  cause  a 
dangerous  explosive  hazard. 

c.  Frozen  fuel/liquid  oxygen  mixtures  ar3  "shock  sensitive." 

d.  When  gaseous  oxygen  is  absorbed  in  clothing,  it  will  stay 
there  for  some  time. 

2.  First  Aid  Procedures 

a.  If  liquid  oxygen  gets  into  the  eyes,  immediately  flood  th'*- 
eyes  with  water.  (See  Instructor  for  water  location.) 

b.  If  liquid  oxygen  gets  on  the  bare  skin,  thaw  the  area  by 
flooding  with  water. 

c.  Get  medical  attention  immediately  if  liquid  oxygen  gets  on 
the  skin  or  in  the  eyes. 

3.  Safety  Precautions 

a.      Remove         "''our  jewelry  NOW. 
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There  will  be  NO  SMOKING  in  the  LOX  at  any  time. 

c.  Personnel  must  wear  the  proper  face  shield,  apron  and  gloves  when 
handling  liquid  oxygen.    This  equipment  is  provided  in  the  lab  for  you  to 
use. 

d.  You  must  be  familiar  with  the  sections  in  TO  15X-1-1  that  give 
points  on  oxygen  safety.     Ask  your  instructor  for  the  page  and  paragraph 
numbers. 

Project  1.     OPERATIONAL  CHECK  OF  A  LIQUID  OXYGEN  SYSTEM 

In  this  part  of  the  lab,  you  will  be  using  a  liquid  oxygen  system 
trainer.    This  train€;r  is  a  mock-up  of  an  F-4  aircraft.    All  the  oxygen 
system  components  that  you  see  on  this  trainer  are  on  the  F-4  aircraft. 
You  will  be  performing  an  operational  check  of  a  liquid  oxy.^en  system  on 
this  trainer. 

To  perform  this  operational  check,  you  will  need  a  serviced  converter. 
The  instructor  will  service  the  converter  for  you.    After  the  instructor 
has  serviced  the  converter,  you  must  wait  15  minutes  or  until  all  frost  on 
the  converter  lines  is  gone  before  you  can  check  the  system. 

QUANTITY  INDICATING  SYSTEM 

1.  The  first  step  in  operationally  checking  the  liquid  oxygen  system 
is  to  insure  that  the  quantity  gages  are  operating  properly.     At  this 
point,  look  at  the  liquid  oxygen  quantity  gages  (indicators)  located  on  the 
right  side  of  the  trainer  in  front  of  you.    The  upper  indicator  is  >ialled 
the  master  quantity  indicator.    This  indicator  is  mounted  in  the  rear 
cockpit  of  the  aircraft.    The  master  quantity  indicator  gets  its  reading 
directly  from  the  converter  through  the  coaxial  and  shielded  cables.  Look 

at  the  reading  on  the  master  quantity  indicator.    The  reading  is   

liters. 

2.  Now  we  will  look  at  the  repeater  quantity  indicator  (lower  gage). 
The  repeater  indicator  does  just  what  its  name  implies,  it  repeats  the 
reading  froir  the  master  quantity  indicator.    The  repeater  quantity 
indicator  is  located  in  the  front  cockpit  in  the  aircraft.    The  reading 

from  the  repeater  indicator  is  liters. 

^3.      Another  part  of  the  quantity  indicating  system  is  the  PRESS  TO 
TEST  <3wl-cch  located  to  the  upper  left  of  the  master  quantity  indicator. 
The  purpose  of  this  switch  is  to  manually  check  the  low  quantity  portion  of 
the  system.    If,  at  any  time,  the  liquid  in  the  converter  drops  to  10%  of 
the  converter  capacity,  a  quantity  low  light  will  come  on  to  tell  the  crew 
that  there  Is  low  liquid  oxygen  level.     The  PRESS  TO  TEST  switch  manually 
checks  this  portion  of  the  system.    Pressing  the  PRESS  TO  TEST  switch 
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causes  the  indicator  to  rotate  counterclockwise.    When  the  needle  reaches 
the  ^0%  mark,  the  low  light  should  come  on.    For  a  10  liter  converter,  ^0% 
is  1  liter.     At  this  time,  operate  the  PRESS  TO  TEST  switch.     When  the  low 

light  comes  on,  record  the  reading   liters. 

See  your  instructor  at  this  time  to  check  your  work. 

Instructor's  Initials 


SYSTEM  OPERATION 

4.      Now  that  you  have  the  quantity  of  liquid  in  the  converter,  it  is 
necessary  to  insure  that  the  oxygen  pressure  in  the  system  is  between  70  to 
110  ^  10  psi.    What  is  your  reading  on  the  oxygen  regulator  pressure  gages? 

  psi.    If  your  readings  are  incorrect,  tell  your  instructor  before 

continuing. 

Instructor ' s  Initials 


Note:    If  at  any  time,  the  system  pressure  becomes  too  high,  the 
pressure  relief  valve  will  relieve  pressure.    This  valve  will  not  open 
until  system  pressure  reaches  130  psi.    When  it  opens,  it  vents  the 
excessive  pressure  tnrough  the  overboard  vent  port. 

Find  the  diluter  switch  on  one  of  oxygen  regulators  and  place  it 
in  the  Normal  position.    Place  the  ON-OFF  switch    o  the  ON  position.  Place 
the  EMERGENCY  switch  to  the  EMERGENCY  position.    Check  to  make  sure  that 
flow  is  coming  out  of  the  mask  to  the  regulator  flex  hose.    Is  oxygen 

coming  out  of  the  hose?   .    Turn  off  the  regulator.    Now,  check  the 

other  regulator  the  same  way.    Does  this  regulator  have  flow  coming  out  of 

it?   .    Pressure  on  the  regulator  gage  will  drop  down  during  flow 

of  the  regulators.    When  the  regulators  are  not  in  use,  system  pressure 
will  build  back  up. 

Have  instructors  check  your  work  at  this  time. 

Instructor  Assists 

Instructor's  Inj  tials 


Project  2.    LOCATING  OXYGEN  SYSTEM  LEAKS 

Your  have  learned  in  the  last  project  how  to  check  if  you  have  liquid 
in  the  converter,  through  the  use  of  quantity  indicators.    You  also  learned 
how  to  check  if  the  system  is  operating.     In  order  for  the  system  to  work 
properly,  you  must  have  the  correct  pressure  in  the  system.    This  project 
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deals  with  locating  leaks  in  the  system  which  could  cause  an  incorrect 
pressure  in  the  system. 

Locate  the  oxygen  regulators  on  the  trainer.  On  the  oxygen  regulators, 
you  will  see  a  pressure  gage.  The  pressure  on  the  gage  should  be  70  to  110 
+  10  psi. 

Note:  The  oxygen  system  you  are  using  is  a  low  pressure  system.  Check 
the  pressure  reading  from  the  oxygen  regulator  at  this  time.  The 

pressure  ."ending  is    PSI.     If  your  pressure  reading  is 

incorrect,  tel?  your  instructor  at  this  time. 

Instructor's  Initials 


Now  that  you  have  insured  that  there  is  pressure  in  the  system,  you  can 
perform  a  leak  check.    Go  to  locker  #1  and  obtain  an  ultrasonic  leak 
detector. 

The  ultrasonic  leak  detector  is  also  known  as  an  ultrasonic  translator. 
It  is  a  completely  transistorized,  battery  operated  instrument  that  detects 
sounds  within  the  ultrasonic  frequency  range  and  converts  them  into  sound 
that  can  be  heard  by  the  human  ear.     Audible  (hearable)  sounds  within  the 
normal  hearing  range,  are  not  picked  up  by  this  instrument.    Other  than 
normal  background  hiss,  the  only  sounds  that  are  heard  from  the  loudspeaker 
are  ultrasonic  sounds  that  have  been  converted  to  audible  sounds.    The  unit 
is  portable  and  has  a  shoulder  carrying  strap.    The  major  components  are 
two  probes,  a  lead  assembly  for  attaching  the  probes  to  the  detector,  a 
rubber  adapter  that  reduces  the  area  of  coverage  of  the  probe,  and  a 
headset.    The  headset  provides  a  means  of  listening,  when  plugged  in,  by 
cutting  out  the  loudspeaker.     On  the  front  panel  of  the  unit  are  three 
plug-in  jacks,  a  volume  control,  an  ON-OFF  toggle  switch  and  a  meter.  The 
meter  measures  the  level  of  sound  output  in  decibels. 

1 •      Open  the  case  of  the  ultrasonic  leak  detector. 

?.      Take  the  probe  assembly  from  the  top  of  the  carrying  case  and  the 
lead  assembly  from  inside  the  cover  of  the  case. 

Plug  the  lead  into  the  probe  assembly. 

4.  Plug  the  other  end  of  the  lead  into  the  jack  marked  PROBE. 

5.  Place  the  switch  on  the  tester  to  the  ON  position. 

6.  Turn  the  volume  control  to  the  right  to  turn  up  the  volume. 

7.  Blow  into  the  probe  to  check  for  sound  output.     Readjust  the 
volume  control  if  necessary. 
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Slowly  move  the  probe  over  the  tubing  and  fittings  on  the  trainer, 
A  leak  will  cause  the  unit  to  make  a  sound.    As  the  probe  is  moved  closer 
to  a  leak,  the  sound  will  get  louder, 

9*      If  you  find  a  leak,  have  your  instructor  check  your  work, 

10,  Turn  the  tester  switch  to  the  OFF  position, 

11,  Put  the  lead  assembly  back  into  the  carrying  case  cover.  Put  the 
probe  on  the  case. 

♦Taping  fittings. 

Instructor  Assists 

Instruc-cor's  Initials   


Project  3-    REPAIRING  OXYGEN  SYSTEM  COMPONENTS 

As  you  have  already  learned,  there  are  many  problems  that  you  may 

encounter  with  the  liquid  oxygen  system.    After  you  complete  your 

crouble shooting  to  find  out  what  or  where  the  malfunction  is,  you  have  tc 
repair  the  faulty  component'  , 

During  this  project  you  will  be  simulating  malfunctions  of  converters, 
and  taking  the  appropriate  action.    This  could  be  removing,  replacing  or 
repairing  a  component  or  any  combination  of  the  three.    Just  as  quality 
control  personnel  in  the  field  will  evaluate  and  check  your  work  for  safety 
and  proper  procedures,  so  will  your  instructor.     Inspecting  and  checking 
work  insures  that  all  personnel  are  accompli-hing  the  work  accurately  and 
safely. 

Instructor  Assists 

See  your  instructor  at  this  time. 

Instructor's  Initials   


Project  4-    TTU/162F  CONVERTER  TESTER 

Note:    Use  proper  safety  gear  for  LOX  which  is  located  in  locker  #2, 

1,  TEST  NUMBER  1  -  The  vacuum  space  of  the  liquid  oxygen  converter 
under  test  needs  to  be  checked  for  the  loss  of  vacuum.  A  loss  of  vacuum 
will  cause  a  high  evaporation  rate  of  the  liquid, 

a.  Check  to  see  that  the  vent  valve  is  still  OPEN 
( counterclockwise ) , 

b.  Take  the  metal  flex  hose  from  the  exhaust  vent  of  the  tester 
and  place  it  on  the  bench. 
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c.  Connect  one  e.-J  of  the  rubber  hose  to  the  exhaust  vent 
and  the  loose  end  of  the  hose  to  the  EVAPORATION  LOSS  FLOWMETER  of  the 
tester. 

d.  Watch  the  ball  in  the  flowmeter.    If  the  ball  rises  from  zero 
(O),  the  amount  of  leakage  is  as  shown  on  the  markings  of  the  glass  tube. 


The  leakage  is 


liters  per  minute. 


e.      Use  the  information  in  table  1  to  choose  the  leakage  that  is 
allowed  for  the  converter  under  test. 


MAXIMUM  LOSS  SHALL  NOT  EXCEED 

Converter  Size 
(Liters) 

Allowable  Leakage 
(Liters  Per  Minute) 

5 

0.60 

8 

0.69 

10 

0.75 

20 

0.92 

25 

1.0 

75 

2.1 

Table  1.    Allowable  Converter  Leakage, 
f .      Compare  the  leakage  listed  in  step  d  with  the  leakage  allowed 
for  the  converter  under  test.     (10  Liter).    The  converter  vacuum  is 

(good/bad)    . 


g.      Take  the  hose  from  the  flowmeter  and  exhaust  vent  and  place 
the  hose  on  the  bench.    Reconnect  metal  flex  hose  to  exhaust  vent. 

Instructor's  Initials 


2.      TEST  NUMBER  2  -  This  test  is  made  to  find  out  how  much  time  it 
takes  the  converter  under  test  to  build  '  p  to  operating  pressure. 
Operation  of  the  pressure  closing  valve  will  also  be  checked. 

a.  Close  the  vent  valve  on  the  tester. 

b.  Open  the  build-up  valve. 
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c.      Maximum  build-up  time  to  operating  pressure  (70  or  300  psi) 


is  10  minutes.    Record  start  time 


d.  Watch  the  build-up  and  supply  pressure  gages.     Both  gages 
should  rise  at  about  the  same  rate, 

e.  At  the  end  of  ten  minutes  look  at  the  build-up  gage,  Th^- 

pressure  should  be  either  70  or  300  psi.     Record  the  pressure,   

psi. 

Note:    Tf  the  converter  does  not  reach  operating  pressure  in 

10  minutes,  the  pressure  setting  is  out  of  tolerance  (above  or  below 

70  or  300  psi),  the  pressure  closing  valve  must  be  adjusted  or 

replaced, 

f.  The  pressure  closing  valve  is  good/bad   • 


CONVERTER 

SPECIFICATION 

MA  ni? 
WU ,  Ur 

RELIEF  VALVES 

no  DDT?CC 

Ur  rrvLoo 
(PSI) 

SIZE  (L) 

FLOW 
\ij/nj 

H— ^ 

MTi  _r_fifi^n 

o 

ft 

80 

A-3 

MIL-C-7407 

2  (INDIVIDUAL) 

70 

5 

20 

MA-1 

MIL-C-25021 

2 

300 

20 

120 

ME-3 

MIL-C-25574 

2 

300 

25 

150 

GCU-2/A 

MIL-C-25777 

1 

70 

10 

72 

GCU-3/A 

MIL-C-25781 

1 

70 

10 

72 

GCU-10/A 

MIL-C-25974 

2  (INDIVIDUAL) 

300 

10 

80 

GCU-11/A 

MIL-C-25972 

2 

300 

10 

100 

GCU-12/A 

MIL-C-25973 

1 

70 

5 

72 

GCU-14/A 

MIL-C-26358 

1 

70 

5 

72 

GCU-17/A 

MIL-C-27336 

2 

300 

25 

150 

*GCU-20/A 

MIL-C-27652 

2 

300 

75 

400 

Table  2.    Converter  Data. 
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3.      TEST  NUMBER  3  -  The  converter  test  will  be  checked  for  maximum  and 
minimum  pressures  and  flow  rates.    Liquid  oxygen  converters  are  made  to 
give  a  set  amount  of  gaseous  oxygen  per  minute.    The  amount  will  change 
with  the  type  of  converter.     During  this  test,  the  liquid  oxygen  that  flows 
into  the  evaporator  coils  is  changed  to  a  gas  that  flows  overboard  through 
the  supply  flowmeter. 

a.      List  the  temperature  that  is  shown  on  the  temperature  gage  at 
the  top  of  the  supply  flowmeter  on  the  tester.    The  temperature  is 


b.  For  the  converter  under  test,  find  the  design  flow  rate  in 

table  2. 

c.  Watch  the  float  in  the  supply  flowmeter. 

*d.      After  the  supply  valve  is  opened,  stabilize  the  top  of  the 
float  at  the  design  flow  rate  for  the  converter  under  test.    This  is  done 
by  opening  and  closing  the  supply  valve  and  checking  table  2. 

e.  Let  oxygen  flow  for  15  minutes  to  allow  liquid  to  flow  into 

the  coils  under  the  trainer  during  the  15  minutes,  road  steps  f  through 

0. 

f.  Watch  the  build-up  pressure  gage.    This  is  showing  converter 
head  pressure.     The  pressure  closing  valve  maintains  head  pressure  in  the 
converter  at  70  +  2  psi.     This  pressure  on  the  build-up  gage  should  not 
drop  during  the  flow  of  the  converter. 

g.  If  the  pressure  on  the  build-up  gage  drops,  the  pressure 
closing  valve  is  bad. 

h.  What  is  the  converters  head  pressure  now?   psi.  Is 

the  pressure  closing  valve  good  or  bad? 

i.  If  at  this  time  your  15  minutes  flow  time  is  up,  continue  to 
next  step.     If  you  still  have  time  to  wait  "WAIT  UNTIL  THE  END  OF  THE  15 
MINUTES,"  then  proceed  with  the  next  step  (j). 

Wt  fcch  your  supply  gage.    At  the  same  time,  close  the  supply 
valve  and  monitor  the  pressure  increase  on  the  supply  gage.     At  what  PSI 

did  the  indicator  rise  too?   psi.    This  is  checking  to  see  at 

what  pressure  your  container  relief  valve  opens.     The  indicator  will  rise 
unt*"  it  reaches  the  relief  valve  setting  and  then  it  will  drop  as  the 
vab     starts  to  close. 

k.      Check  the  temperature  gage.    The  temperature  should  be  about 
the  same  as  for  step  a. 

Instructor*  s  Initials 
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4.      TEST  NUMBER  4- 

a.  Put  the  rubber  hose  on  the  exhau?o  vent  of  the  tester, 

b.  Place  the  other  end  of  the  hose  on  the  leakage  flowmeter, 

c.  If  the  ball  in  the  flowmeter  does  rise  from  the  zero  laark, 
list  the  amount  of  leakage  shown.    The  leakage  is  LPK, 


Number  of  Relief  Valves  Installed 

Leakage  Permitted 

1 

0.01  LPH 

2 

0.02  LPH 

Table  3.    Permitted  Relief  Valve  Leakage, 

d.      From  table  3,  find  the  amount  of  permissible  leakage. 
Compare  this  setting  with  the  leakage  listed  in  step  c.    This  check  is  to 
find  out  if  the  relief  valve  has  now  completely  closed  after  the  high 
pressure  has  been  released.    The  reseating  of  the  relief  valve  is 

(good/bad)   . 


e.  Take  the  hose  from  the  flowmeter  and  converter  vent  and  place 
the  hose  on  the  bench, 

f.  Reconnect  the  metal  flex  hose  to  the  exhaust  vent, 

g.  Close  the  build-up  valve  on  the  t(?ster, 

h.  Open  the  vent  valve  in  order  to  vent  converter  head  pressure, 

i.  Open  the  supply  valve  and  bleed  off  the  supply  pressure, 

j.  Close  the  supply  valve. 

Note:     ^t  this  time  you  would  have  a  serviceable  converter  or  one  on 
which  work  would  have  to  be  done  to  make  it  serviceable. 

Instructor  Assists 
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Project  5.    OXYGEN  RKGULATOR  FIKLD  TFSTEH 

1.  Obtain  TO  33D2-10-55-1 ,  an  oxygen  regulator  field  tester  and  a  trai 
from  the  instructor. 

?.      Turn  to  page  1-1  in  the  TO  and  read  paragraphs  1-8  and  1-5. 

3.  Turn  to  page  2-1  and,  using  the  TO  and  the  directions  on  tne  li.d 
to  perform  the  tests,  proceed  with  the  first  test  in  the  workbook. 

4.  Perform  the  following  tests  using  the  TO  and  directions  on  the  lid 
of  the  field  tester.    Place  your  readings  for  each  test  in  the  correct 
place  below.    Circle  either  pass  or  fail,  depending  on  whether  the 
regulator  passed  or  failed  the  test. 


lid) 


a.  OUTWARD  LEAKAGE  TEST  (para  4-5  in  TO),  (test  ift  on  tester 

Readings   PASS  FAIL 

b.  MAXIMUM  FLOW  TEST  (para  4-6  in  TO),  (test  #1  on  tester  lid) 

Readings   PASS  FAIL 

^c.      AIR  CHECK  VALVE  PRESSURE  DROP  TEST  (para  4-7  in  TO),  (Test  if2 
on  tester  lid) 

Readings   PASS  FAIL 

d.  SUCTION  FuOW  TEST  (para  4-8  in  TO),  (test  B  on  tester  lid) 
Readings   PASS  FAIL 

e.  AIR  RATIO  SHUTOFF  TEST  (para  4-9  in  TO),  (test  i>4  on  tester 


lid) 


lid) 


Readings   PAS3  FAIL 

f.      PRESSURE  BREATHING  TEST  (para  4-10  in  TO),  (test  k5  on  tester 

Readings  PASS  FAIL 


g»      DEMAND  VALVE  LEAKAGE  TEST  (para  4-11  in  TO),  (test  Hi  on 
tester  lid) 

Readings     PASS  FAIL 
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^h.      BLINKER  FLOW  TF.ST  (para  4-12  in  TO),  (test  {fH  on  tester  liu) 


Readings 


PASS 


PAIL 


MASK  PRESSURE  HEASURHENT  (para  4-13  in  TO),  (test  /?9  on 


tester  lid) 


Readings 


PASS 


FAIL 


Have  your  instructor  check  your  work  at  this  time. 


Instructor  Assists 
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Project  6.    TF-20-1  CAPACITANCE  TYPE  LIQUID  QUANTITY  SYSTEM  TRAINER 

1  .      The  tester  is  already  set  up  for  you,  there  will  be  a  checklist 
for  you  to  follow  at  the  end  of  the  test  to  set  up  the  tester  for  the  next 
students. 

2.      The  first  test  will  be  do;  •    n      10  liter  converter  for  practice 
to  give  you  an  idea  how  the  tester  works. 

3«      Place  the  power  switch  ^1  to  the  ON  position.    The  red  light 
near  the  switch  should  come  on. 

4*      Connect  the  shielded  lead  from  point  11  to  the  HI-Z  connector 
of  the  10  liter  converter  under  test. 

5*      Connect  the  coaxial  .lead  from  point  12  to  the  LO-Z-connector 
of  the  10  liter  converter. 

*6.      Set  the  capacitance  RANGE  SELECTOR  #6  to  the  lowest  range  that 
will  give  a  stable  reading  (tr.e  indicator  does  not  rotate  continuously)  on 
capacitance  indi ca tor  #7.    If  the  inner  needle  does  cross  above  100, 
place  the  range  selector  to  the  next  higher  multiplier. 

Note:    Study  the  capacitance  meter  dial  (figure  l).    With  the 
capacitance  range  selector  in  the  xl  position,  a  reading  of 
43.25  MMF  is  obtained  as  shown  in  figure  1 .    The  last  decimal 
place  is  estimated  by  eye.    In  the  x3  position  this  reading 
is  43.25  X  3  =  129.75  MMF.    For  the  xlO  and  x50  positions  the 
values  are  432.50  MMF  and  2162.50  MMF.    Now  apply  what  you  have 
to  read  to  interpret  your  reading  on  the  converter  you  are 
checking.    These  readings  are  examples  only. 
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Figure  1,    Capacitance  Meter  Dial, 

7.  Complete  the  statements.  These  statements  will  be  done  for  the 
first  converter  under  test  ONLY. 


mv  and  th€ 


a.  The  capacitance  indicating  reading  is   

range  selector  is  in  the  x   position. 

b.  The  MMF  reading  multiplied  by  the  range  selector  position  is 
MMF. 


CONVERTER  SIZE 

REQUIRED  READING 

YOUR  REWDING 

10  Liter 

123.5  +  1 .0 

25  Liter 

303.5  +  2.5 

75  Liter 

910.0  +  7.5 

Table  4»    Converter  Size-Capacitance  Relation, 
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c.  Select  the  required  reading  from  table  4  for  the  size 
converter  you  are  testing.    Place  your  reading  in  the  appropriate  space 
the  table. 

d.  The  required  reading  is   MHF  and  the  number  in  step 

b  (is/is  not)    in  the  tolerance  of  the  required  reading.  The 

converter  capacitance  probe  is  (good/bad)   . 


e.  Now  check  the  capacitance  of  the  10,  25,  and  75  liter 
converters.     Put  your  readings  in  the  space  provided  in  table  4» 

f.  Have  instructor  check  your  readings. 
Instructor  Assists 
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OXYGEN  SYSTEMS  OXYGEN  LABORATORY  PROJECTS 


OBJECTIVES 

a.  Using  ;i  trainer,  go-no-^',o  gagis  I  nsp(»(' r  Ion  workcard,  AFTO  Korm  '\/^*) , 
and  work  unit  code  manual,  inspect  the  oxyj^en  system  recording  a  minimum  ol 
12  discrepancies.     One  instructor  assist  i)er  form  is  pcnnissiblc.  Apply 
safety  precautions  without  error. 

b.  Using  a  field  tester  and  oxygen  regulator,  perform  an  operational 
check  of  the  oxygen  regulator.    One  instructor  assist  is  permissible.  Apply 
safety  precautions  without  error. 

c.  Using  a  trainer  and  leakage  test  equipment,  perform  an  operat-^onal 
and  leakage  test  on  a  liquid  oxygen  system  with  one  instructor  assist. 
Apply  safety  precautions  without  error. 

d.  Using  a  capacitance  tester,  trainer,  oxygen  converter  and  necessary 
tools,  bench  check  the  converter  capacitance  system  with  one  instructor  assist 
permissible.    Apply  safety  precautions  without  error. 

e.  Using  the  TTU/162E  tester,  perform  an  operational  check  and 
troubleshoot  a  liquid  oxygen  converter  for  malfunction.    One  instructor  assist 
is  permissible.    Apply  safety  precautions  without  error. 

f.  Using  the  necessary  tools  and  equipment,  remove,  replace  and  repair 
selected  components  of  an  oxygen  system.    One  instructor  assist  can  be  given 
for  each  component.    Apply  safety  precautions  without  error. 


Oxygen  System  Trainer  Number  3251 

Go-No-Go  Gage 

Test  Gage,  TTU-28/E 

Sonic  Leak  Detector 

Liquid  Oxygen  System  Tester  TF-20-1 

Tester  Type  TTU-162/E 

Hot  Purge  Kit  Heating  Assembly 

Oxygen  System  Trainer  Number  1762 

Pressure  Demand  Regulator,  D2~A 

Demand  Regulator 

Oxygen  Safety  Equipment 

Toolkit 

Oxygen  Converter 

TF-20-1  Capacitance  Tester 

Cryotainer 

Field  Tester 

INFORMATION 

If  you  cannot  find  the  equipment  that  is  used  with  a  project,  call  an 
instructor.    Any  test  equipipent  used  will  be  put  back  in  the  same  manner 
that  it  was  found. 


EQUIPMENT 


ERIC 


3 


One  of  the  most  important  things  the  instructor  will  check  you  on  is 
safety  while  you  work  in  the  oxygen  laboratory.    Do  not  take  any  chances 
with  liquid  nitrogen  or  with  the  electrical  equipment.    WORK  SAFELY. 

Read  all  instructions  carefully.    If  in  doubt,  ask  your  instructor 
for  help.    Your  instructor  will  move  you  to  the  work  area  for  each  project. 
You  will  use  the  list  of  equipment  as  directed  by  the  various  laboratory 
projects.    Each  project  has  a  list  of  specific  procedures. 

SPECIAL  SAFETY  PRECAUTIONS 

There  will  be  no  danger  with  any  of  the  projects  if  you  follow 
instructions.    An  instructor  will  be  available  at  all  times  to  help  you. 

Due  to  the  special  hazards  of  a  training  environment,  you  will  work 
with  liquid  nitrogen.    You  must  locate  and  observe  all  safety  points  that 
must  be  followed  when  handling  liquid  oxygen.    To  help  you,  wa  have  made  a 
list  of  the  safety  points.    Remember  that  in  the  field  you  will  be  working 
with  liquid  oxygen  instead  of  liquid  nitrogen,  so  you  must  be  alert  and 
safety  conscious  at  all  times  and  treat  the  liquid  nitrogen  as  if  it  were 
liquid  oxygen . 

1.  Hazards  of  handling  liquid  and  gaseous  oxygen. 

a.  Liquid  oxygen  in  contact  with  the  skin  will  cause  frostbite 

and  burns. 

b.  When  liquid  oxygen  is  mixed  with  fuels  it  will  cause  a 
dtin^^tM'ous  explosive  haz<'^rd. 

c.  Frozen  fuel /liquid  oxygen  mixtures  are  "shock  sensitive." 

d.  When  gaseous  oxygen  is  absorbed  in  clothing  it  will  stay 
for  some  time, 

2.  First  aid  procedures. 

a.  If  liquid  oxygen  gets  in  the  eyes,  immediately  flood  the  eyes 
with  water.     (See  the  instructor  for  the  water  location.) 

b.  If  liquid  oxygen  gets  on  the  bare  skin,  thaw  the  area  by 
flooding  with  water. 

c.  Get  medical  trocitmenr  immediately  if  li(|uid  oxygen  gets  on 
the  skin  or  in  the  eyes. 

'J.      Safely  prccatitions . 

a*      Remove  all  your  jewelry  now. 

b.  There  will  be  NO  SMOKING  in  the  oxygen  laboratory  at  any 

time. 

c.  Personnel  must  wear  the  proper  face  shield,  apron,  and 
gloves  when  handling  liquid  oxygen.    This  equipment  is  provided  in  the 
laboratory  for  your  use. 
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d.      You  muSt  be  familiar  with  sections  in  TO  15X-1-1  that 
give  points  on  oxygen  safety  and  servicing  equipment.    Ask  your  instructor 
for  Z]\v  p'4ge  numbers  and  paragraphs. 


PROJECT  SUMBER  1:     INSPECTS  OXYGEN  SYSTEM 
PROCEDURE 

1.      Check  all  the  items  on  the  inspection  work  card.    When  you  reach 
step  10,  obtain  the  GO-NO-GO  ^age  from  locker  //I .  _ 


SECTION  A"    GO  GAGE  OIAM  7651 
SECTION-  B". NO  GO  GAGE  OlAM  768 

Figure  1.    GO-NO-GO  Gage. 


2.      Use  the  GO-NO-CO  gage  to  check  the  inside  diameter  of  the  female 
connector  on  the  mask-to-regulator  hose  on  trainers  in  the  lab.    Have  the 
instructor  check  your  work.     Identify  worn  connectors  to  the  instructor. 

Note:    As  shown  in  figures  1  md  2,  "A"  of  the  gage  is  the  "GO" 
(small  diameter)  part  and  "B"  is  the  "NO-GO"  (large  diameter)  part. 


Figure  2.    Using  the  CO- NO-CO  C.ij»c 
.  5 


3,  Put  the  gage  in  the  female  connector  of  the  mask~to-regulator  hose, 
as  shovm  in  figure  1.    Push  the  gage  straight  in,  but  do  not  force  it.  A 
slight  rocking  or  twisting  motion  may  be  ured, 

4,  The  "GO"  i-art  of  the  gage  (A)  is  small  and  should  slip  through 
the  smallest  internal  diameter  of  the  connector.    The  "NO-GO"  part  (B) 
should  not  go  through  the  small  part  of  the  connector.     If  it  does,  the 
connector  has  too  much  wear  and  must  be  replaced. 

Instructor 's  Initials 


PROJECT  NUMBER  2:     PURGING  LIQUID  OXYGEN  SYSTEM  (COLD  PURGE) 
PROCEDURE 

Caution:    Due  to  the  special  hazards  of  a  training  environment,  you 
will  work  with  gaseous  nitrogen.    Do  WOT  use  the  nitrogen  trainers 
for  breathing  purposes, 

1,      Prepare  the  trainer, 

a.  Check  the  liquid  quantity  gage.     The  system  must  be  empty. 
If  the  system  is  not  empty,  the  liquid  oxygen  converter  will  have  to  be 
drained.    When  you  work  on  an  aircraft,  check  the  technical  order  for  the 
proper  procedures, 

b.  Place  the  oxygen  regulator  supply  switch  to  ON  and  the 
tMnorj»oiu'y  switch  to  EMKRCKNCY,    This  is  for  the  D-2A  reguUitor, 

No:t':     To  \n\x:\\v  ;i  system  on  the  flinht   Tine,  first  vorU   l\\v  m<isk- 
to-rcKuKitt)r  hose  or  hoses  to  the  outside  of  the  aircraft.  This 
ean  be  done  througli  an  open  canopy,  hatch,  or  entranro  way.  This 
will  stop  the  buildup  of  an  oxygen  rich  atmosphere.    An  oxygen  rich 
atmosphere  is  very  dangerous, 

c.  Place  the  buildup  a^d  vent  valve  to  the  vent  position. 
Take  the  nandle  from  the  clip  and  the  dust  cap  from  the  oxygen  filler 
valve , 


BLACK  0 


'  Ring— ^ 


Figure  3,    Master  Oxygen  Test  Gage  TTU-28/E, 
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d.      Connect  the  TTU-28/E  master  test  gage  to  the  trainer.  Screw 
the  liquid  oxygen  filler  valve  adapter  of  the  gage  (figure  3)  on  the  threaded 
■>art  of  the  liquid  oxygen  filler  valve •     Be  sure  rubber  "0"  ring  is  attached 
to  end  of  filler  valve  adapter  before  connecting  to  trainer.    Tighten  filler 
valve  adapter  using  the  proper  tool. 

Note:     On  some  aircraft,  the  buildup  and  vent  valve  handle  would  have 
to  be  removed  to  place  the  system  in  the  buildup  position,  with  thi» 
master  gage  connected.     However,  on  the  trainer  it  is  not  necessary. 


SI  ORAGt  CYLINDFR 
HIGH  PRh  ^SllRE 
GAUGE 


C  YUNDf  R 
V  Al  V  t 




Figure  4,    Gaseous  Nitrogen  Servicing  Unit, 

2.       Prepare  the  Gaseous  Nitrogen  Servicing  Unit  (see  figure  4). 

a*      Check  to  be  sure  that  the  pressure  reducer  handle  is  backed 
out  (turn  counterclockwise  (CCW)  and  is  free  to  turn  (figure  4))- 

b.      Slowly  open  the  nitrogen  cylinder  valve  and  watch  the  nitrogen 
cylinder  high  pressure  gage  (figure  4).     If  you  have  a  nitrogen  cylinder  with 
a  pressure  of  less  than  400  psi,  ask  your  instructor  for  more  instructions 
beforo  continuing. 
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Note;     Do  not  drain  cylinders  below  50  psi.    A  charge  of  50  psi  or 
more  in  the  cylinders  will  stop  the  accumulation  of  moisture  in  the 
cylinders • 

c.      Slowly  turn  clockwise  (CW)  the  pressure  reducer  handle 
(figure  4)  until  the  reduced  pressure  gage  reads  50  psi^ 

d*      Open  (CCW)  the  charging  valve  handle  (figure  4)  on  the  supply 
hose.     Purge  the  hose  for  ten  (10)  seconds,    Closi^  (CW)  the  charging  valve, 
BE  SURE  TO  POINT  THE  NOZZLE  AWAY  FROM  YOURSELF,  OTHERS,  AND  WALLS, 

Note;     Purging  removes  any  contaminants  (dirt  or  moisture)  that  may 
bo  inside  the  hose, 

e.      Connect  the  charging  valve  to  the  gaseous  oxygen  filler 
valve  (figure  3)  on  the  master  test  gage.    The  gaseous  oxygen  filler  valve 
is  a  quick  disconnect  unit.    The  adapter  on  the  charging  valve  will  lock 
automatically . 

3.      Purging  the  system, 

a.  Place  the  oxygen  regulator  supply  switch  ON, 

b.  Open  the  charging  valve  on  the  supply  hose, 

c.  Readjust  the  pressure  reducer  handle  to  keep  a  flow  of 
nitrogen  at  50  psi  on  the  reduced  pressure  gage  to  the  TTU-28/E  test  gage, 

d.  Allow  nitrogen  to  flow  through  the  systei;j  for  1  minute. 

Note:     In  the  field  use  the  purge  time  and  steps  that  are  in  the 
technical  order  for  the  aircralc  on  which  you  are  working, 

e.  Close  the  charging  valve  on  the  supply  hose, 
f*      Place  the  oxygen  regulator  supply  switch  OFF. 

^i.       Place  the  regtilator  omer^^ency  switch  to  the  NORMAL  position, 

h.       Hack  out   tlie  pressure  reducer  handle  on  tlie  servicing  unit. 

Note;     llifc  system  is  now  purged.     In  the  field  tlie  aircraft  should 
be  serviced  with  LOX  within  two  hours  after  it  has  been  purged, 

!•      This  ends  the  project  on  cold  purging.    Leave  the  trainer 
and  servicing  unit  as  is  and  start  on  the  next  projec. 

Instructor's  Initials 


PROJECT  NUMBER  3:     LIQUID  OXYGEN  SYSTEM  PRESSURE  LEAK  TEST 
PROCEDURE 

1.  Be  sure  that  the  TTU-28/E  test  gage  and  servicing  hose  are  still 
connected  to  the  trainer. 

2,  Place  the  buildup  and  vent  valve  handle  to  the  BUILDUP  position, 
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3.      Turn  the  oxygen  regulator  supply  switch  to  the  OFF  position. 


4.      Open  the  charging  valve  on  the  supply  hose. 


5.  Slowly  turn  IN  the  pressure  reducing  handle  on  the  servicing 
unit.    Charge  the  system  to  300  psi.     Use  the  TTU-28/E  test  gage  to  check 
the  pressure. 

6.  Close  the  charging  valve  on  the  gaseous  nitrogen  supply  hose. 
Disconnect  the  charging  valve  from  the  test  gage. 

7*      The  pressure  shown  on  the  TTIJ-28/K  test  gage  is    psi. 

8.  Close  the  nitrogen  cylinder  valve  and  back  OUT  the  pressure* 
reducing  handle.     Open  the  charging  valve  and  bleed  the  pressure  from  the 
manifold  and  charging  hose.    Be  sure  to  point  the  nozzle  away  from  yourscli, 
others  and  walls. 

9.  Let  the  system  stand  for  15  minutes.     (30  minutes  is  nonn£.l  time 
for  an  aircraft  system.) 

10.  The  pressure  in  the  system  now  is    psi.     Subtract  this 

reading  from  the  first  reading.    The  difference  is  psi. 

MAXIMIJM  ALLOWABLE  PRESSURE  LOSS  FOR  THE  15  MINUTE  TEST 

5  liter  converters  6.0  psi  drop 

8  liter  converters  3.5  psi  drop 

10  liter  converters  ?.5  psi  drop 

20  liter  converters  2.0  psi  drop 

25  liter  converters  1,5  psi  drop 

75  liter  converters  none  is  allowed 

11.  If  leakage  is  more  :han  the  lis  .ed  value,  the  leaks  will  have 
to  be  found  and  identified  to  your  instructor  in  project  number  4. 

12.  This  ends  chis  project.    Leave  the  trainer  as  is  and  start  the 
next  project. 

InstructOL's  Initials  

PROJECT  NUMBER  i  .     LOCATING  OXYGEN  SYSTEM  LEAKS 
PROCEDURE 

K      Use  of  the  ultrasonic  leak  detector. 

Note:     Refer  to  figure  5  as  you  get  the  detector  ready  for  use. 

a.  Take  the  probe  assembly  from  the  top  of  the  carrying  case 
and  the  lead  assembly  from  inside  the  cover  of  the  case. 

b.  Plug  the  lead  into  the  probe  assembly. 

c.  Plug  the  other  end  of  the  lead  into  the  jack  marked  PROBE. 
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Figure  5.    Ultrasonic  Translator  Detector. 

d.  Place  the  switch  to  the  ON  position. 

e.  Turn  the  volume  control  to  the  right  to  get  more  volume, 

f.  Blow  into  the  PROBE  to  check  for  sound  output.  Readjust 
the  volume  control  i.f  necessary. 

g.  Slowly  move  the  probe  over  the  tubing  and  all  fittings  to 
check  for  leaks.    A  leak  will  cause  the  unit  to  make  a  sound.    As  the 
probe  is  movf  '  close  to  a  leak  the  sound  will  get  louder. 
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Have  an  instructor  check  your  work. 

i.      Turn  the  tester  switch  to  the  OFF  position. 

j.      If  no  leaks  are  found,  put  the  lead  assembly  back  in  the 
carrying  case  cover,  put  the  probe  on  top  of  the  case. 

2.      Use  of  LEAK  TEC  (soap)  solution. 

Shake  the  bottle  of  LEAK  TEC  solution  well  to  form  small 

bubbles. 

b.      Put  the  solution  on  the  fittings  connecting  the  plumbing 
and  components  of  the  oxygen  system  trainer. 


bubbles. 


trainer. 


position, 


If  there  is  a  leak,  the  LEAK  TEC  solution  will  form  more 
Be  sure  to  wipe  off  any  excess  LEAK  TEC  solution  from  the 
Slowly  move  the  buildup  and  vent  valve  handle  to  the  vr.nt 


f .  After  system  has  been  drained,  pressure  will  be  trapped  in 
the  system  and  will  show  on  0^  regulator  pressure  gage.    Bleed  off 

this  pressure  by  turning  on  tne  0^  regulator. 

g.  Disconnect  the  TTU-28/E  master  test  gage  and  put  dust  cap 
on  filler  valve. 

h.  This  ends  project  for  locating  leak  on  0^  systems. 

Instructor's  Initials 


Note:  Before  proceeding  to  project  number  5,  see  your  instructor. 
He  will  direct  you  to  the  appropriate  trainer  to  perform  the  test. 
Place  your  readings  for  the  following  tests  in  the  spaces  provided 
in  the  right-hand  margin, 

PROJECT  5:     PURGING  THE  LIQUID  OXYGEN  SYSTEM  (HOT  PURGE) 

PROCEDURE 

Note:    The  hot  purge  kit  can  be  used  to  purge  any  liquid  oxygen 
system.    The  kit  can  be  used  to  remove  moisture  from  the 
capacitance  probe  used  with  some  liquid  oxygen  converters.  Moisture 
on  a  probe  can  cause  a  wrong  signal  to  be  sent  to  the  quantity 
indicator. 

1.      Prepare  the  trainer. 

,  a.      The  hot  purge  kit  is  in  locker  //I. 

b.      Move  the  regulator  supply  switch  to  the  ON  position  and 
the  emergency  switch  to  the  EMERGENCY  position. 
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c.  Vent  the  mask- to-regula tor  hose  to  the  side  of  the  trainer. 
This  will  drain  any  remaining  system  pressure* 

d.  Place  the  buixiup  and  vent  valve  to  the  VENT  position. 

e.  Take  the  handle  from  the  clip. 

f*      Take  the  dust  cap  from  the  filler  valve. 

g.  Place  the  buildup  and  vent  valve  to  the  buildup  position. 

h.  Take  the  dust  cap  from  the  filler  nozzle  end  of  the  hot 

pi^rge  kit. 

i.  Align  the  three  studs  (in  the  open  end  of  the  nozzle)  with 
the  three  grooves  on  the  Mller  valve  on  the  trainer.     (On  some  aircraft 
the  buildup  and  vent  vaive  handle  will  have  to  be  removed  for  this  test.) 

j.      Push  on  the  nozzle  and  twist  it  to  the  right  to  lock  on 
the  filler  valve.     Be  sure  the  nozzle  is  fixed  to  the  valve.    Have  an 
instructor  check  your  work  before  proceeding. 

2.  Prepare  the  gaseous  nitrogen  servicing  unit. 

a.  Check  to  see  that  the  pressure  reducer  handle  is  backed 
out  (CCW)  and  is  free  to  turn. 

b.  Slowly  OPEN  the  nitrogen  cylinder  valve  and  watch  the 
nitrogen  cylinder  high  pressure  gage,     if  you  have  a  nitrogen  cylinder 
with  a  pressure  of  less  than  400  psi\  ask  an  instructor  for  assistance. 

c.  Slowly  turn  IN  the  pressure  reducer  handle  until  the 
reduced  pressure  gage  reads  50  psi. 

d.  Open  the  charging  valve  on  the  supply  hose  and  purge  tnc 
hose  for  10    econds,  then  close  the  valve. 

e.  Plug  the  charging  valve  Into  the  gaseous  oxygen  filler 
valve,  on  th^  side  of  the  hot  purge  kit, 

r.      Connect  thv  electrical   lend  from  the  hot  pun^o  kit  into 
.1  NOV  AC,  60  Mz  o.itlet. 

3.  Purging  the  system. 

a.  Open  the  charging  valve  on  the  gaseous  nitrogen  supply 

hose. 

b.  Check  the  reduced  pre.ssure  gage  to  he  sure  that  nitrogen 
under  50  psi  is  flowing  into  the  hot  purge  Wt.     If  not,  turn  the  pressure 
reducer  handle  to  adjust  the  pressure  to  50  psi.     (Nitrogen  should  flow  out 
the  distribution  hose  from  the  regulator.) 

c.  Place  the  electrical  switch,  on  the  end  of  the  hot  purge 
kit,  to  the  ON  position.    A  red  light  should  come  ON.    This  shows  that  the 
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• kit  is  heating  the  gaseous  nitrogen  that  flows  to  the  system.    ITiis  light 
will  cycle  ON  and  OFF  as  the  correct  temperature  is  maintained. 

d.      Nitrogen  should  flow  through  the  system  for  5  minutes. 
Aircraft  purging  time  is  listed  in  the  aircraft  TOs . 

4.  Disconnecting  the  hot  purge  kit. 

a.  Place  the  electrical  switch  to  the  OFF  position, 

b.  Close  the  charging  valve  on  the  nitrogen  supply  hose. 

c.  Place  the  oxygen  regulator  supply  switch  to  the  OFF 

position . 

d.  Place  the  emergency  switch  to  the  NORMAL  position. 

e.  Take  t^e  electrical  lead  from  the  wall  outlet. 

Caution:    When  disconnecting  the  charging  valve  from  the  hot  purge 
kit,  lift  the  kit  only  by  the  carrying  handle  and  the  insulated 
portion  of  the  nozzle.    This  method  will  prevent  burning  your  hands. 

f.  Disconnect  the  hot  purge  kit  from  the  trainer  filler  valve. 

g.  Take  the  charging  valve  from  the  hot  purge  kit. 

h.  Put  the  dust  cap  on  the  tester  connection  and  place  the 
hot  purge  kit  back  in  the  carrying  case, 

i.  Put  the  dust  cap  on  the  trainer  filler  valve  and  place  the 
buildup  and  vent  valve  to  the  vent  position. 

j.       Place  the  handle  in  the  clip  and  place  the  buildup  and  vent 
valve  to  the  buildup  position. 

5.  Secure  the  gaseous  nitrogen  servicing  unit. 

a.  Close  the  valve  on  the  gaseous  nitrogen  storage  cylinder, 

b.  Open  the  charging  valve  on  the  supply  hose  and  slowly  turn 
TN  pressure  reducer  handle  until  both  pressure  gages  read  zero  (0). 

c.  Close  the  charging  valve, 

d.  Recheck  the  gages  to  be  sure  they  both  read  zero  (0). 

e.  If  pressure  still  shows  on  the  gages,  do  steps  a  through  c. 

f.  The  system  has  been  purged  with  the  hot  purge  kit  and  should 
be  serviced  with  liquid  oxygen  within  2  hours  to  prevent  recontamination . 

g.  This  ends  this  project. 

Instructor's  Initials 


Q  Note:    Check  with  your  instructor  before  continuing. 
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Ki,w  yoii  will  prrfonii  .j  c<)inpl(>te  tunctionaJ  check  or.  c.n 

H'^/;'  I   V/^^ar,W  fr.     f.I'MtATIorML  CMKCK  OF  AN  OX'/f.l.*.  fiU/A/^^'  | 
THF.  3nA26!)5-2  FfKLI)  TKSTKK 

Note:    An  instructor  will  prepare  the  trainer  for  this  proji^ct, 
PROCEDURE 

1-      Open  field  tester  and  remove  all  hoses  and  adaptors  from  inside 
the  list.     Connect  hoses  C-3  and  C-4  from  regulator  to  tesUer  jxMnts  C-^ 
and  C~4  and  leave  connected. 


1  Connor  tor*  (J3) 

2  AUimeie:  (G3) 

3  C3  tub(^ 

4  C4  lube 

5  Three-way  valve  (V3) 


6 

Three-way  valve 

10 

01  tube 

15 

Fuse  (Fl) 

11 

06  tube 

16 

Jack  (J2) 

7 

Gage  (Gl) 

12 

02  tube 

17 

Switch  (SV 

a 

05  tube 

;3 

Gage  (G2) 

18 

Switch  (S2) 

9 

Lamp  (DSl) 

14 

Valve  (VI) 

19 

Jack  (Jl) 

Figure  6.     31TA2655-2  Oxygen  Regulator  Field  Tester, 

2,      Connect  the  mask~to-regulator  hose  of  the  regulator  under  test 

to  inlet  port  C-5  of  the  tester.  Refer  to  figure  6  for  reference  points 
on  the  tester. 
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3       Connect  electrical  cable  assembly  from  connector  J-3  on  tester 
to  a  28V  DC  outlet  located  on  the  wall* 

4.  Ensure  valve  V-1  is  closed,  V-2  to  air  shutoff >  and  V-3  to 
return  to  atmosphere  on  tester* 

5.  On  regulator  place  the  supply  switch  ON,  the  diluti^r  switch  to 
100%,  and  the  emergency  switch  to  ICMKRCKNCY. 

Note:     Put  p^lss  or  fiiil  in  tfie  blanks  provided  after  each  tost* 

6.  Normal  indication  js  for  light  DSl  to  illuminate, 
a.      Return  emergency  switch  to  normal* 

6* 


7*      Disconnect  mask-to-regulator  hose  from  C-5  and  reconnect  to  C-2* 

8.      Place  V-2  to  Suction  and  V-3  to  Air  Inlet  Atmosphere* 

9*      On  regulator  the  supply  switch  will  be  OFF,  the  diluter  switch 
will  be  placed  on  100%,  and  the  emergency  switch  will  be  put  into  NORMAL  * 

Note:     Do  NOT  operate  pump  more  than  25  seconds*     Piimp  operation 
will  shut  down  automatically* 

10*      Operate  pump  by  depressing  S-1  and  observe  gage  C-l*  Tlie 
normal  indication  should  be  a  reading  of  ^9  inches  of  water  maximum.  Any 
reading  within  the  blue  band  will  be  satisfactory. 

10* 


11.  Turn  oxygen  supply  switch  to  the  ON  position  and  depress  S-1 
once  again  to  operate  pump. 

12.  Normal  indication  will  be  .4  inches  of  water  maximum  on  gage  G-1, 
Any  reading  within  the  green  baud  will  be  satisfactory, 

1.  ^  * 


13*      Connect  mask-to-regulator  hose  to  C-1  and  turn  the  oxygen 
regulator  supply  switch  to  OFF. 

y*.      Place  V-2  to  Ai r-Shutof f  and  V-3  to  Vacuum. 

15*  Operate  pump  and  observe  gage  G-3.  When  the  altimeter  stops 
increasing  it  should  lie  within  the  yellow  band  27m  to  32m* 

16*  Open  V-1  and  place  V-3  to  Return  to  Atmos*  This  will  return 
altimeter  to  sea  level* 

16* 


17*      Place  oxygen  regulator  supply  switch  to  the  ON  position. 
Place  V-3  to  Air  Inlet  Atmos,  V-2  to  Pressure  Breathing,  and  close  V-1* 

15 
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18 •      Operate  the  pump  and  use  valve  V~l  to  control  G-3  altimeter  at 
35M  and  43M  and  take  readings  from  G-2.    Readings  on  G-2  will  be  in  the 
green  band  and  blue  band,  respectively. 

a.      Place  V-3  to  Return  to  Atmos ,  and  close  V--1  • 

18. 


19.  Connect  the  squeeze  bulb  and  reservoir  to  C~6  and  place  the 
regulator  supply  switch  to  the  OFF  position. 

20.  Pressurize  ^-2  to  15  inches  of  water  using  the  squeeze  bulb. 
In  10  seconds  the  pressure  on  gage  G-2  shall  not  drop  below  A  inches. 

20. 


21.  Place  oxygen  regulator  supply  switch  to  the  ON  position.  Plug 
C~6  on  the  tester  with  plug  provided.  Observe  G-2.  Pressure  should  not 
rise  from  zero.  If  '  *■  does,  monitor  the  time  it  takes  to  go  from  1  to  5 
Inches  of  water.     Time  allowed  shall  exceed  30  seconds  minimum. 

21. 


22.  Place  oxygen  regulator  diluter  switch  to  Normal ,  V-3  to 
Air  Inlet  Atmos  and  V-1  to  fully  OPEN . 

23.  Connect  rubber  hose  C-A  to  inlet  C-4  of  tester  connect  outlet 
hose  of  regulator  to  regulator  end  of  C-4  by  means  of  20  LPM  adapter. 
Operate  pump  and  blinker  on  regulator  should  indicate  flow. 

23. 


24.  Place  oxygen  regulator  diluter  switch  to  100%  and  interchange 
20  LPM  adapter  with  8  LPM  adapter  and  operate  pump.    Blinker  on  regulator 
should  indicate  flow.     Remove  adapter  and  reconnect  rubber  ^jso  to  C-A 

on  regulator. 

24.  

a.      Connect  outlet  hose  to  C-1 . 

25.  Place  oxygen  regulator  dilutur  switch  to  Normal  and  place 
emergency  switch  to  Emergency .     Cr-2  should  read  2  to  5  inches  of  water. 
C--2  reads   . 

25. 


26.  Place  the  emergency  switch  to  Test  Mask.  G-2  should  indicate 
gre.itor  than  6  inches  of  water.     G-2  reads  . 

26. 


27.  Place  all  adapters  and  hoses  back  into  the  lid  of  the  tester  and 
close  the  lid.     Be  careful  not  to  pinch  any  hoses  when  latching  the  lid. 
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28»      Ensure  oxygen  regulator  supply  switch  is  in  the  OFF  position, 
emergency  switch  is  in  Normal  and  diluter  switch  is  in  Normal .     Stow  the 
mask-to-regulator  hose  on  the  trainer, 

Inst  rue tor  *  s  I n  i  t  i  n  1  s 


PHOJFXrr  NUMBKK  7:     USING  THE  TTU-162/I-:  LIQUID  OXYCKN  CONVKKTKK  TKSTKK 

Note:    Use  proi)er  LOX  safety  gear  located  in  locker  112. 

1.      TEST  NUMBER  1  -  The  vacuum  space  of  the  liquid  oxygen  converter 
under  test  needs  to  be  checked  for  the  loss  of  vacuum.     A  loss  of  vacuum 
will  cause  a  high  evaporation  rate  of  the  liquid, 

a.  Check  to  see  that  the  vent  valve  is  still  OPEN, 

b.  Take  the  metal  flex  hose  from  the  exhaust  vent  of  the  teste 
and  place  them  on  the  bench, 

c.  Connect  one  end  of  the  rubber  hose  to  the  EXHAUST  /ENT  and 
the  loose  end  of  the  hose  to  the  EVAPORATION  LOSS  FLOWMKTKR  of  the  tester, 

d.  Watch  the  ball   in  the  flowmeter.     If  the  ball  rises  from 
zero  (0),  the  amount  of   leakage  is  as  shown  on  the  markings  of  the  ^lass 

tube.    Tl^e  leakage  is  liters  per  minute. 

e.  Use  the  information  in  table  1  to  choose  the  leakage  that 
is  allowed  for  the  converter  under  test. 


MAXIMUM  LOSS  SHALL  NOT  EXCEED 

Converter  Size 
(Liters) 

Allowable  Leakage 
(Liters  Per  Minute) 

5 

0.60 

0.69 

10 

0.75 

20 

0.92 

25 

1.0 

75 

2.1 

Table  1      Allowable  Converter  Leakage, 


f.      Compare  the  leakage  listed  in  step  d  with  the  leakage 
allowed  for  the  converter  under  test.     The  converter  vacuum  is  (good/bad) 


g.      Take  the  hose  from  the  flowmeter  and  exhaust  vent  and  place 
the  hose  on  the  bench.     Reconnect  metal  flex  hose  to  oxhaust  vent.  Do 
test  number  2, 
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2.      TEST  NUMBER  2  -  This  test  is  made  to  find  out  how  much  time  it 
takes  the  converter  under  test  to  build  up  to  operating  pressure*  Operation 
of  the  pressure  closing  valve  will  also  be  checked • 

a.      Close  the  vent  valve  or  the  tester* 

b*      Open  the  buildup  valve. 

c.      Maximum  buildup  time  to  operating  pressure  (70  or  300  psl) 
is  10  minutes.     Record  the  start  time 

Watch  the  buildup  and  supply  pressure  gages.     Both  gages 
f»l»(>ul(|  rise  at  tihoiit   the  s;imo  nWi- , 


.       At    thr  tMul  ol    10  minutes   iO(jk  .il    t  ht'  htiil<Iu|>  •  'I'hc 
pressure  slicnild  be  either  /()  or  300  psi.     Record   ihi^  p^e^;sll^^*, 
  psi* 

Note;     If  the  converter  does  not  reach  operating  pressure  in 
10  minutes,  the  pressure  setting  is  out  of  tolerance  (above  or 
Delow  70  to  300  psL),  the  pressure  closing  valve  must  be  adjusted 
or  replaced* 

f.      Tlie  pressure  closing  valve  is  (good/bad) 


CONVERTER 

1 

j  SPECIFICATJON 

NO.  OF 
RELIEF  VA},VES 

OP  PHESS  (PSI) 

SIZE  (L) 

DESIGN 
FLOW  (L/M) 

A-2 

j  MIL.C-6650 

2 

300 

8 

80 

A -3 

1  MIL-C-7407 

2  (INDIVIDUAL) 

70 

5 

20 

MA-1 

!  MIL-C-25021 

2 

JOO 

20 

120 

ME-3 

MIL.C-25674 

2 

300 

25 

150 

GCU-2^A 

MIL.C-25777 

1  

1 

70 

10 

72 

GCi;-3/A 

M!L-C-2r)7Hl 

1 

70 

10 

72 

GCU-IO  'A 

MIL-C-25974 

2  (INDIVIDUAL) 

300 

10 

80 

GCU-ll'A 

MIL-C-25972 

300 

10 

100 

GCIM2/A 

MIL-C-2E)973 

I 

70 

5 

 , 

72 

GCU.:4/A 

MIL.C-2G358 

X 

70 

5 

72 

0Cl'.17.  A 
 f 

MII..C-273.% 

2 

300 

25 

150 

MIL-C-27'  '>2 

300 

75  1 

400 

■  ■ —  — ^ — ■  — *   — 

Table  2.    Converter  Data. 


ERIC 


3*      TEST  NUMBER  3  -  The  converter  under  test  will  be  checked  for 
maximum  and  minimum  pressures  and  flow  rates.    Liquid  oxygen  converters 
are  made  to  give  a  set  amount  of  gaseous  oxygen  per  minute*    The  amount 
will  change  with  the  type  of  converter •     During  this  test,  the  liquid  oxygen 
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that  flows  into  the  evaporator  roils  is  changed  to  a  gas  that  flows  overboard 
through  the  supply  flowmoter. 

a.      List  the  temperature  that  is  shown  on  the  temperature  gage 
at  the  top  of  the  supply  flowmeter  on  the  tester.     The  temperature  is 


table  2. 


b.      For  the  converter  under  test,  find  the  design  flow  rate  in 


c.  Watch  the  float  in  the  supply  flowmeter. 

d.  After  the  supply  valve  is  opened,  stabilize  the  top  of  the 
float  at  the  design  flow  rate  for  the  converter  under  test.  This  is  done 
by  opening  and  closing  the  supply  valve  and  checking  table  2. 

e.  Let  oxygen  flow  for  j  minutes. 

Caution:     Tlu-  evaporator  coils  and  conncctiiH',  plumbing  will  irr^ 
up  during  this  test.     Practice  all  safety  precautions. 

f.  Watch  the  pressure  gages.  The  pressure  for  the  converter 
being  tested  is  listed  on  the  data  plate  for  the  converter.  If  pressure 
is  not  in  the  range  set  for  the  converter,  the  pressure  closing  valve  is 
not  working. 


IS 


g.  The  minimum  pressure  is 
psi. 


psi.     The  maximum  pressure 


Check  the  temperature  gage.     The  temperature  should  be  about 
the  same  as  in  step  a. 

4.       TKST  NUMBER  A- 

a.  Put  the  rubber  hose  on  exhaust  vent  of  tester. 

b.  Place  the  other  end  of  the  hose  on  the  leakage  flowmeter. 

c.  If  the  ball  in  the  flowmeter  does  rise  from  the  zero  mark, 
list  the  amount  of  leakage  shown.     The  leakage  is    LPM. 


Number  of  Relief  Valves  Installed 

Leakage  Permitted 

1 

0.01  LPM 

2 

0.02  LPM 

Table  3.     Permitted  Relief  Valve  Leakage, 
d.      From  lahif-  3  find  the  amount  of  permissible  leakage.  Cm)[.,iri* 

lliirt   :iM  I  f/i}/,   wJfli    t  hi-    jcjki).M*    l|.*>l<'d    hi    Hl<'j>  Thi»    i  I  1  iij.'   (,\  ilu- 


V,       'l/ikc   Ihi-  hf>se   from  the   flownicfcr  ;rii<!  coiivi-r  N>r  vent  ami 
plar«»  thr  hos(^  on  tlu*  bench. 
O  19 
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Reconnect  metal  flex  hose  to  exhaust  vent. 


g.  Close  the  buildup  valve  on  the  tester  and  vent  the  converter 
head  pressure  by  opening  the  vent  valve, 

h.  Open  the  supply  valve  and  bleed  off  the  supply  pressure, 
1.      Close  the  supply  valve. 

Note:     At  this  time  you  would  have  a  serviceable  converter  or  one 
on  which  work  would  have  to  be  done  to  make  it  serviceable. 

Instructor's  Initials 


PROJECT  8:     TF-20-1  CAPACITANCE  TYPE  LIQUID  QUANTITY  SYSTEM  TRAINER 
PROCEDURE 

Note:     All  test  leads  that  will  be  used  are  in  the  cover  of  the  tester. 
The  leads  have  numbers  or  letter-number  combinations  on  them  for 
Identification.     These  leads  are  used  with  the  tester.    When  you  are 
given  a  numbered  connection  point,  control  switch  or  indicator  in  this 
project,  look  at  the  front  panel  diagram,  inside  the  cover,  for  the 
location  of  the  item. 

1.  Connect  adapter  lead  //100038  from  point  5  to  a  suitable  ground. 

2.  Connect  power  cable  //100033  and  adapter  cable  //10003A  together. 

3.  Connect  the  combined  cable  from  point  A  to  the  power  source. 

^-       Place  power  switch  //I  to  the  ON  position,     n^e  red  light  near  the 
switch  should  come  ON. 

5.  Connect  the  shielded  lead  from  point  11  to  the  HI-Z  connector 
of  the  10  Ltr  converter  under  test. 

6.  Connect  the  coaxial  lead  from  point  12  to  the  LO-Z  connector 
of  the  10  Ltr  converter. 

7-      Set  function  selector  switch  //2A  to  TANK  UNIT  TEST-UNSH  position. 

8.  Set  CAP-RES  CHECK  switch  //13  to  CAP  position. 

9.  Set  the  capacitance  RANGE  SELECTOR  //6  to  the  lowest  ranp,e  that 
will  give  a  stable  reading  (the  indicator  does  not  rotate  continuously) 

capacitance  indicator  //7.     If  the  inner  needle  does  cross  above  100, 
place-  the  range  selector  to  the  next  hLj^her  multiplier. 

10.      Complete  the  statements. 

a.  The  capacitance  indicator  reading  is    MMF  and  the 

range  selector  is  in  the  x   position. 

b.  The  MMF  reading  multiplied  by  t\e  range  selector  position 
is  MMF. 


c.      Select  the  required  reading  from  table  4  for  the  size 

• 

converter  you  are  testing. 

d.      Tne  required  reading  is              MMF  and  the  number  in  step  b 

(is/ is  not)              in  the  tolerance  of  the  required  readin^>.    The  converter 

cap«acUance  probo  is  (good/bad) 

e.      Have  an  instructor  check  your  roadin^»s. 

Instructor 's  Initials 

PROJECT  9:     REPAIR  AND/OR  REPLACEMENT  OF  LIQUID  OXYGEN  SYSTEM  COMPONENT^] 

Note:    Refer  to  figure  7  on  the  following  page. 

PROCEDURE 

1,      Remove,  repair  and  replacement  of  a  conbination  valve. 

a.      Remove  lines  and  tubing  connected  to  the  combo  valve,  being 

careful  not  to  twist  any  lines. 

b.      Re.Tiove  common  hardware  securing  the  combo  valve  to  the 

converter  assembly. 

c.      Place  tfie  part  in  a  bench  vise  and  remove  all  old  fitting  and 

w 

anti-sieze  tape*     Have  instructor  check  your  work  at  this  time. 

d.      Remove  cap  (2),  insure  chain  (1)  is  disconnected  from  converter. 

e.      Remove  body  seal  assembly  (4),  be  careful  that  the  smaller 

items  do  not  fall  out  of  the  valve. 

f.      Remove  poppet  valve  (5),  compression  spring  (6),  helical  spring 

(7),  and  washer  (8)  out  of  the  body  (9). 

g.      Rebuilding  of  the  combo  valve  is  accomplished  by  doing  steps 

a  through  f  in  reverse  order.    Have  instructor  check  your  work* 

h.      Re  tape  fittings  and  have  your  instructor  check  your  work. 

Install  the  fittings  in  the  same  way  that  they  were  removed.    Follow  taping 

instructions  on  the  anti-sieze  tape  trainer  • 

i.      Mount  the  new  part  on  the  converter  assembly,  reinstall  all 

common  hardware  and  tighten. 

j.      Reinstall  and/or  connect  tubing  and  lines  disconnected  during 

removal,  and  tighten  tubing  and  lines.     Have  instructor  check  your  work. 

Note:     In  the  field,  your  converter  would  now  be  serviced  with  a  few 

liters  of  LOX  or  gaseous  oxygen,  for  the  purpose  of  leak  checking  the 

• 

fittings.    All  lines  found  to  be  leaking  would  be  tightened  or  replaced 

to  stop  the  leak. 

Instructor's  Initials 
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•     uov.vi  Chain 
}'u,,,.i-t  Valve 


6.  Con.presfiion  Spring 

7.  Helical  Spring 

8.  Washer 

9.  Body 


Figure  7, 
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2.      Repair  and/or  replacement  of  liquid  oxygen  converter  pressure 
closing  valve  or  relief  valve» 


a.  On  a  given  converter,  remove  lines  and  tubing  connected  to 
the  pnrt,  being  c.-ircful  not  to  twist  ;iny  lines- 

b.  Remove  common  hardware  securing  the  pari  to  the  converter 
assembly,  and  remove  the  part, 

c.  Place  the  part  in  a  bench  vise  and  remove  all  the  old 
fittings  and  tape 


d.  Mount  the  new  part  on  the  converter  assembly,  reinstall 
common  ha»"dware  and  tighten • 

e.  Reinstall  and/or  connect  tubing  and  lines  disconnected 
during  removal  and  tighten  tubing  and  lines*    See  your  instructor  at 
ti  is  ti'ne. 


HAVE  INSTRUCTOR 


CHECK  YOUR  WORK  AT  THIS  TIME, 


Instructor's  Initials 
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OBJECTIVES 


1.  Using  the  necessary  tools,  equipment,  applicable  TOs,  and 
workbook  repair  selected  ccMtponents  of  an  oxygen  system. 


INSTRUCTIONS 


This  programmed  text  is  in  small  steps  called  "Pramss."   The  PT  supports 
the  lesson  given  in  the  classroan  or  lab.    Read  each  frame  carefully.  At 
the  end  of  some  of  the  frames  you  will  find  a  nunfcer  of  statements  which 
ask  you  to  select  the  statements  that  are  TRUE.    The  answers  will  be  found 
on  the  next  page.    If  you  answer  the  questions  correctly,  proceed  on  If 
you  are  wrong  or  in  doubt,  restudy  the  frame  until  you  understand  the 
material  and  correctly  answer  the  statements. 


OTRi  3T70  TCHTC 
DISTRIBUTION:  X 

3370  TCHTG/TIGU-P  -  300;  CAV  -  1 
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Fraire  1 


ri^f^o^f^  ^^^^  ^^'^^'^  properly  or  that  you  have  found 

defective  on  an  inspection  will  have  to  be  repaired  or  replaced  In  this 
^r.^TJ"^l^^'  general  replacement  procedures.    Ren^nt>er  tTaiways 

do™S^n:nt"^''"''  ''''''''''  ^ 

NO  RESPONSE  NECESSARY 


Frame  2 


The  removal  of  the  filler  valve  is  a  simple  process.    After  vou  have 
drained  the  system,  loosen  the  four  nount  screws'  that  hold  the  vSve  to 
t^!hiT'  end  B-nut  connection  from  the  supply  line. 

l^  J.tl  ^''  ^"^"^  "^^         ^  ^^^^^        '^^P^i"       replacement  as 


necessary. 


NO  l^PONSE  NECESSARY 


Frame  3 


Normally,  no  repair  is  authorized  on  check  valves.  B<=fore  removina 
and  replacing  a  check  valve,  drain  the  oxyqen  system.    Then  disSJ^ei? 

r'.^'P''^  haie  reconnected  tS  e-^ts 

torque  them  to  the  proper  value  as  shown  in  the  applicable  TO. 

Select  the  following  statements  that  are  true. 


^'    your^CDCs!^°^  removing  and  replacing  prrxedLires  as  outlined  in 

2.    The  oxygen  system  must  be  drained  prior  to  rerroving  the  check  valve. 
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Answers  to  Frame  1 
Answers  to  Frame  2 
Answers  to  F^ame  3 

Frame  4 


No  Response 
No  Response 
PI.     T  2. 


Environmental  systems  personnel  do  not  fabricate  (make)  tubing 
assemblies  for  replacement  or  installation.    However,  you  do  frequently 
install  tubing  that  has  been  made  by  other  maintenance  personnel.  This 
installation  can  cause  serious  consequences  if  it  is  not  properly  done 
For  exaitple,  not  too  long  ago  an  oxygen  system  repair  was  made  on  an 
aircraft.    The  work  was  perfect,  except  for  a  small,  not  easily  detectable 
oxygen  system  leak.   At  another  time,  on  the  same  aircraft,  a  repair  was 
made  on  hot  bleed  air  ducting  near  the  location  of  the  previous  oxygen 
system  repair.    This  work  also  was  perfect  except  for  a  small,  not  easily 
detectable  hot  air  leak.    Neither  of  these  discrepancies  alone  caused  any 
trouble,  however,  the  small  oxygen  leak  at  the  sane  location  as  the  small 
hot  air  leak,  it  is  believed,  resulted  in  the  destruction  of  the  aircraft 
o^So^ml™^^  °^         flight  crew.    The  point  is:     KEEP  OKYGEN  AWAY  FROM 
HIGH  TEMPERATURES!    When  installing  components  of  oxygen  systems,  make 
doubly  sure  all  fittings  are  torqued  and  leak  checked  in  accordance  with 
the  technical  order  instructions. 


NO  RESPONSE  NECESSARY 


Frame  5 


An  authorized  antiseize  (sealing)  tape  is  used  on  pipe-thread 
connections.    Use  1/4  inch  wide  tape  on  connections  up  to  1/2  inch 
diameter  size.    On  1/2  inch  diameter  or  larger  connectors  usp  1/2  inch 
tape.    The  teflon  tape  is  applied  to  male  threads  (pipe-thread)  only. 
Wrap  the  tape  m  the  direction  of  the  thread  spiral  starting  with  the 
first  thread.    Take  care  that  the  tape  does  not  extend  over  the  end  of  the 

t^^^  "^^l^  ^^"^  of  flo**'    "se  one  wrap  around  the 

threads  with  a  short  overlap  on  the  end.  The  tape  should  never  be  applied 
to  the  tubing  flares  or  flared-tube  threads,  since  it  will  orevent  propeT 
sealing  and  cause  leakage.  "  h-^^^ 

Select  the  statements  that  are  TRUE. 


1 .  1/4  inch  wide  t^  must  be  placed  on  fittings  that  are  1/2  inch 
or  smaller  m  size.  . 

2.  Anti-seize  tape  is  applied  to  flared-tube  type  connectors. 


Answers  to  Frame  4:    No  Response 
Answers  to  Frame  5:    T  1 .    P  2 . 
Frame  6 

Removal f  replacement,  and  leakage  check  are  the  only  authorized 
actions  that  are  allowed  at  the  intermediate  level  of  maintenance  on 
oxygen  regulators,   when  replacing  regulators  you  must  tape  the  pipe  thread 
end  of  the  fitting;  then  use  a  torque  wrench  for  tightening  it. 
Overtightening  of  the  fittings  will  cause  the  female  fittings  to  crack. 
Overtightening  or  undertightening  is  the  cause  of  mDst  leaks  in  an  oxygen 
system.    The  proper  use  of  a  torque  wrench  on  all  fittings  and  B-nuts 
would  get  rid  of  this  problem. 


Always  hold  fittings  from  turning  vs^en  torquing  tubing  orthoses  to  it. 
This  prevents  overtorquing  of  the  fitting  and  twisting  of' the  tubing  or 
hose.    Also  hold  the  fittings  when  loosening  B-nuts  to  prevent  twisting  of 
tubing  or  hose.    Flexible  hose  is  used  where  units  are  shock  mounted,  or 
access  to  the  unit  is  hard. 


NO  RESPONSE  NECESSARY 


Frame  7 


NO  RESPONSE  NECESSARY 
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mi  COPY  AVAILABLE 


Answers  to  Frame  6:    No  Response 

Answers  to  Frane  7:    No  Response 

Select  the  statements  that  are  TRUE. 

 ''•    Chedt  valves  are  repaired  at  intermediate  level. 

  2.    Oxygen  should  be  kept  away  frcm  high  temperatures. 

 3.    The  only  maintenance  actions  allowed  on  oxygen  regulators  at  our 

level  are  renoval,  replacement  and  leak  check. 

  ^-    '^ll  ronoving  and  replacement  should  be  done  as  outlined  in  the 

applicable  TO. 

  5.    Torque  wrendies  should  be  used  on  fittings  and  B-nuts. 


i3i;o 


Answers:    F  1.    t  2.    T  3.    T  4.    T  5. 


Frame  8 


Now  we  are  going  to  take  a  look  at  inspectinq  and  repairinq  liquid 
oxygen  systems. 

The  inspection  requirements  for  each  aircraft  are  found  in  its  -6 
technical  manual  and  in  its  inspection  workcard  sets.    These  inspection 
requirements  vary  somewhat  from  one  aircraft  to  another,  depending  to  the 
type  of  equipment  installed.    Therefore,  for  training  purposes,  the 
inspections  of  the  units  given  in  this  text  will  be  of  a  qoneral  nature. 


NO  R!']SPCt3SFJ  NECESSARY 


Frame  9 

All  oxygen  tubing  and  equipment  throiighait  the  system  to  make  sure 
that  at  least  2  inches  of  clearance  exists  between  oxygen  systan 
coirponents  and  control  cables,  or  other  moving  aircraft  parts,  when 
possible,  and  where  necessary,  bend  or  reroute  oxygen  tubing  to  maintain  2 
inches  of  clearance.    Tubing  ^hould  be  checked  for  security  of  mounting, 
that  is,  it  does  not  vibrate  or  chaff.    Make  sure  they  are  free  of  damage, 
excessive  dents,  and  loss  of  vacuum,    loss  of  vacuum  can  be  determined  if 
the  container  is  frosted  over.    Check  the  oxygen  regulators  for  proper 
operatiOT  and  free  of  damage.    Also  check  the  oxygen  hose  for  any  damage 
and  that  they  are  properly  routed. 


NO  RSPONSE  NECESSARY 


Frame  10 


Now  lets  take  a  look  ;wir.^  -■v.ieral  leiroving  and  replacinq 
procedures.  Remember  to  alwavr  foll.v..  ^ pc^^.j^fjoPQ  =e  rv,n^r,^/i  i 
applicable  technical  orders.  '  -  .a ions  as  aitlined  in  the 

NO  Rr-spr>vst;  N"CSSSARY 
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er|c  best  copy  available 


T 


Praroe  11 

When  discx)nnecfcing  lines  on  a  converter  that  is  bad,  w^ar  protective 
clothing  and  a  face  shield  since  the  converter  that  is  bad  nay  not  have 
drained  conpletely.    One  factor  that  tends  to  be  of  great  inportance  in 
the  maintenance  of  liquid  oxygen  systems  is  the  proper  technique  to  use 
1^     2.^'^  ^^''^.f  fittings.    When  you  install  replacements  fittings 
a  good  practice  to  follow  is  to  renove  the  fittings  one  at  a  time  from  the 
converter.    Then  immediately  install  the  new  one  or  the  same  one  in  the 
new  converter.   This  practice  helps  to  get  the  fittings  properly  aligned 
m  the  converter  for  connection  to  system  tubing. 


NO  RESPONSE  NECESSARY 


Frame  12 


Torque  all  fittings  and  B-nuts  as  outlined  in  the  applicable  TOs. 
This  will  prevent  overtightening  or  undertightening  of  the  f ittinqs  or 
B-nuts.  ^ 

NO  RESPONSE  NECESSARY 


Frame  13 


You  should  have  no  difficulty  in  performing  maintenance  on  the  oxygen 
system.    Keep  in  mind  however,  that  the  converter  must  be  completely  eity 
before  any  maintenance  can  be  performed  on  it.  j     f  i 


NO  RESPONSE  NECESSARY 
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OBJECTIVES 

2.  Using  tools,  inspection  workcard,  applicable  TOs,  and  workbook 
inspect  the  cryotainer  and  components, 

3.  Using  assigned  cryotainer,  prcper  tools,  applicable  TOs,  and 
workbook,  remove  and  replace  a  minimum  of  three  coirponents. 


Frame  1 

Liquid  oxygen  must  be  kept  free  of  contamination;  otherwise,  serious 
consequences  may  result.   Aviator's  breathing  oxygen  with  odors 
(contamination)  can  cause  adverse  physical  synptons  and  disorientation.  A 
contaninated  supply  will  cause  noxious  and  nauseating  odors  whidi  may 
adversely  effect  the  pilot's  efficiency  or  cause  malfunction  of  the  liquid 
oxygen  system  conponents.    Odors  may  accumulate  in  LCX  that  are  not 
identifiable  or  delectable  by  regular  methods.    However,  these  odors  may 
be  detected  by  an  individual  with  a  good  sense  of  smell.    Thus,  the 
simple  sniff/odor  test  is  a  good  indicator  of  contamination.    All  personnel 
working  with  liquid  oxygen  storage  and  transfer  equipment  should  take 
every  possible  precaution  to  maintain  the  quality  of  the  liquid  oxygen 
supply  and  prevent  contaminants  fran  entering  into  the  system  during 
repairs. 

NO  RESPONSE  NSCESSRY 
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Frame  2 


If  the  equipment  is  in  daily  use,  clean  the  fill  and  service  line 
filters  every  6  months  or  sooner  if  the  filters  appear  to  stop  or  restrict 
the  flow  of  liquid.    The  filters  should  be  cleaned  with  trichloroethylene. 
After  the  filters  are  cleaned  you  should  let  them  air  dry.   All  traces  of 
trichloroethylene  should  be  gone  (should  not  smell  of)  before  installing. 

NO  RESPONSE  NECESSART 


Frame  3 


Gages  that  are  not  kept  in  proper  working  order  can  cause  trouble.  A 
faulty  pressure  gage  may  read  too  high  or  too  low.   when  you  find  a  faulty 
pressure  gage  you  must  replace  it.   Capacity  gages  should  also  be  checked 
for  proper  operation.    If  a  faulty  gage  exists  you  must  replace  it. 

NO  RESPONSE  NECESSARY 


Frame  4 


An  annual  inspection  is  required  on  all  relief  valves.    They  should  be 
checked  for  proper  operating  pressures  and  should  also  be  leak  checked. 
If  the  valve  leaks  past  the  seat  of  the  valve  the  valve  must  be  repaired 
or  replaced. 


NO  RESPONSE  NECESSARY 


Frame  5 


The  liquid  oxygen  filler  valve  used  to  connect  the  servicing  unit 
transfer  hose  to  the  aircraft  system  is  important.    You  should  inspect 
this  component  for  minor  leaks,  loose  pins,  and  loose  screws.    If  a  filler 
valve  IS  suspected  of  leaking,  remove  and  repair  the  ccnponent. 


NO  RESPONSE  NECESSARY 


Frame  6 


_     For  all  cryotainers,  you  should  follow  the  applicable  TOs  for  vn.,r 

NO  RESPONSE  NECESSARY 
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Env  ir onmen t a 1 / Pneud  rau 1 ics  Branch 
Chanute  AFB,  Illinois 


C3ABRA2331-HO-403 
28  July  1982 


LIQUID  OXYGEN  SERVICING  CHECKLIST 

This  handout  will  be  used  with  WB-403,  Project  10,  proc  Mure  4. 

Caution:    Follow  each  step  in  proper  sequence.    Make  su^e  that 
you  know  the  location  of  the  emergt^ncy  shower  and  eyewash. 

1.  Position  TMU  27/M  LOX  cart  near  the  TTU-162/E  trainer. 
Make  sure  the  filler  hose  will  reach  the  converter  without  stretching 
or  kinking.    Lock  the  parking  brake  and  ground  the  LOX  cart  to  a 
suitable  ground. 

2.  On  the  TTU-162/E  position  the  valves  as  follows: 
Vent  valve  -  Open 

Buildup  valve  -  Closed 

Supply  valve  -  Closed 

Make  sure  the  TTU-162/E  vent  line  is  positioned  into  the  drip 
pan  and  that  the  drip  pan  is  clean. 

3.  Put  on  safety  gear.    Make  sure  face  shields  are  properly 
adjusted  and  that  aprons  and  gloves  aie  not  torn.     >nort  sleeve 
shirts  will  not  be  worn  during  the  servicing  operation. 

4.  Open  the  lid  on  the  LOX  cart  and  study  the  valve  positions 
and  colors.    Remember  that  many  LOX  carts  differ  in  design,  so  the 
valve  positions  will  vary.     If  there  are  any  doubts  in  your  mind  about 
the  LOX  cart  itself,  ask  your  Instructor  to  explain  it  NOW.  Later 
might  be  too  late. 

5.  Perform  a  complete  visual  inspection  of  the  LOX  cart  and 

be  sure  to  include  a  review  of  the  LOX  cart  forms  AF  Form  244  (located 
inside  of  the  lid).    Specific  items  to  check  for  are: 

a.  Broken  gages 

b.  Worn  grounding  reel 

c.  Evidence  of  liquid  or  gas  leaks  (frosting  or  hissing 

sounds) 

Note:    A  large  ball  of  ice  formed  around  the  manifold  lending  to 
the  quantity  gage  is  normal. 

d.  Excessive  wear  on  the  transfer  hose  and  filler  nozzle 

e.  Sufficient  quantity  of  liquid  in  the  cart  to  complete 
the  service 

 f.      Clean  drip  pan  under  the  cart  vent  port 

Supersedes  3ABR42331-HO-403,  25  February  1980, 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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6.      Close  the  vent  valve  (red  valve). 

7*      Open  the  pressure  buildup  valve  (white  valve).    This  valve 
is  open  |ust  enough  to  reach  and  maintain  30  PSI  ±  5  PSI  on  the  pressure 
gage.    It:  the  pressure  exceeds  this  setting,  open  the  vent  valve  to 
relieve  excess. 

Note:    At  no  time  will  the  buildup  valve  be  open  while  the  vent 
valve  is  open.    This  will  cause  a  steady  stream  of  LOX  to  pour 
from  the  vent  port,  possibly  injuring  someone  in  that  immediate 
vicinity. 

8.  Open  the  fill  valve  (blue  valve)  and  remove  the  transfer 
hose  from  the  storage  tube.    Remove  the  dust  cap  from  the  filler 
no2zle. 

9.  Connect  the  filler  nozzle  to  the  purge  adapter  on  the  LOX 
cart  (located  on  the  lower  right-hand  side  of  the  cart  as  you  are  facing 
the  valve  compartment) .    Continue  purging  until  you  notice  a  steady 
flow  of  liquid  from  the  nozzle.    Then  disconnect  the  nozzle  and  close 
the  fill  valve,  blue  handle. 

10.  Connect  the  transfer  hose  filler  nozzle  to  the  filler  port 
on  the  combination  of  the  converter  you  will  service. 

11.  Now  slowly,  1/2  turn  by  1/2  turn,  open  the  fill  valve  until 
it  is  fully  open. 

12.  Now  watch  the  pressure  gage  on  the  cart  and  maintain  30  PSI 
±  5  PSI.    This  is  accomplished  by  use  of  the  vent  valve  and  buildup 
valve. 

13*      When  the  converter  is  full  (evidenced  by  a  steady  flow  of 
liquid  from  the  TTU-162/E  vent  line),  shut  off  the  fill  valve,  close 
the  buildup  valve,  and  open  the  vent  valve  fully > 

14.  Disconnect  the  filler  nozzle  from  the  converter  and  place 
the  dust  cap  on.    Store  the  hose  and  close  the  lid. 

15.  Move  the  LOX  cart  back  to  its  storage  area. 

16.  Place  safety  equipment  back  in  locker  //3  in  the  right  order 
and  neatly. 


Refer  to  your  instructor  for  further  instructions. 
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SERVICE  TEST 
C3ABR42331-SG-404 


CRY&TAINER  SYSTEMS 

OBJECTIVE 

State  general  principles  relating  to  the  operation  of  a  cryotainer 
system  and  units.    A  minimvm  of  four  out  of  five  must  be  correct. 

INFORMATION 

This  study  guide  is  designed  to  help  you  prepare  for  the  measurement 
test.    Material  contained  in  this  study  guide  supports  the  instructor's 
lesson  and  may  be  used  for  study  material  to  complete  the  objective  on 
the  progress  check. 

Note:    This  information  deals  with  storage  tanks.    The  instructor's 
lesson  deals  with  transfer  carts.    There  is  little  difference 
between  the  two.    This  study  guide  will  point  out  where  the 
difference. 


Supersedes  ST  C3ABR42331-SG-404 ,  2  May  1984. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 


13SS 


STORING  CRYOGENIC  FLUIDS 


The  storage  of  cryogenic  fluids  for  a  lot  of  years  has  caused  a 
problem.    No  refrigeration  system  was  able  to  keep  this  liquid  at  a 
temperature  low  enough  to  keep  it  in  a  liquid  state.    Now  liquid  oxygen 
and  liquid  nitrogen  can  be  stored  successfully.    They  are  stored  in  the 
same  way.    Since  our  first  concern  is  the  storage  of  liquid  oxygen,  this 
Progrananed  Text  refers  to  liquid  oxygen. 

Liquid  oxygen  must  be  kept  at  a  very  cold  temperature  (below  -297'?) 
f.o  keep  it  in  a  liquid  state.    Any  heat  causes  it  to  boil  and  gas  off. 
You  can  see  the  gassing  off  process  taking  place  in  water.    Water  will 
boil  and  gas  off  to  a  water  vapor,  when  its  temperature  is  raised  above 
the  boiling  point.    The  more  heat  added  to  a  liquid,  the  more  it  boils 
and  evaporates. 


There  is  no  low  cost  way  of  refrigerating  liquid  oxygen  to  keep  it 
in  a  liquid  state;  therefore,  the  only  practical  way  to  store  it  is  to 
try  to  keep  heat  from  getting  to  it.    This  is  done  by  use  of  a  cryotainer 

LOX  must  be  kept  in  insulated  tanks  to  stop  it  from  boiling  and  thus 
changing  from  a  liquid  to  a  gas.    To  slow  this  boiling  action  down,  one 
tank  is  placed  inside  another.    The  inner  tank  holds  the  liquid.  Tht 
outer  tank  aids  in  insulating  the  inner  tank.    The  space  between  the  two 
tanks  (annular  space)  is  filled  with  an  insulating  material.    A  vacuum 
pump  is  attached  to  the  line  at  the  top  of  the  tank.    The  vacuum  valve 
i55  then  opened  and  the  air  is  pumped  out.    The  valve  is  then  safety 
wired  shut  to  stop  accidental  opening.    This  valve  will  be  color  coded 
yellow  and  may  be  letter  coded  "A".    These  two  items,  the  insulating 
material  and  vacuum  in  the  annular  space,  provide  the  insulation  for  the 
inner  tank.    (See  figure  below.) 


Figure  1. 
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CONTROL  VALVES 


There  are  3  main  control  valves.    All  are  the  globe  type  with 
extended  3tems#    The  extended  stem  prevents  the  packing  from  freezing 
and  reduces  heat  transfer  from  the  hand-wheel  to  the  valve  body.  The 
valve  body  is  at  the  temperature  of  the  liquid  oxygen  while  the  hand- 
wheel  is  cool  to  the  operator. 

There  are  two  pipes  that  come  from  the  inner  tank.    The  top  line 
from  the  inner  tank  is  the  vent  pipe  and  has  the  vent  valve  attached. 
This  valve  is  only  closed  when  transferring  (dispensing)  liquid.  At 
all  other  times,  this  valve  will  be  open  to  let  the  liquid  that  is 
vaporizing,  out  of  the  tank.    The  valve  is  color  coded  red  and  may  be 
letter  coded  "E".     (See  figure  below).    The  line  from  the  bottom  inner 
tank  is  the  fill  and  drain  line  with  the  fill  and  drain  valve  attached. 
The  valve  will  be  color  coded  blue  and  may  be  letter  coded  "C".  This 
valve  will  only  be  opened  when  issuing  or    sceiving  LOX.    On  transfer 
carts,  you  will  have  two  separate  valves.    Fill  and  drain,  for  filling 
and  draining  the  cart,  this  is  color  coded  green.    The  second  valve 
will  be  your  transfer  valve,  opened  only  when  transferring  liquid. 
This  valve  vrill  be  color  coded  blue. 


VACUUM 
VALVC 
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CAPACITY  GAGE  AND  CAPACITY  GAGE  BY-PASS  VALVE 


Located  on  the  pressure  line  that  connects  the  vent  pipe  and  the 
transfer  pipe  is  a  capacity  gage.    As  the  name  states,  this  gage  shows 
the  amount  of  liquid  oxygen  within  the  inner  tank.    This  gage  is 
sensitive  to  pressure  and  it  can  be  damaged  by  pressure  surges. 
Therefore,  the  gage  is  offset  from  the  pressure  line  and  is  protected 
by  a  capacity  gage  bypass  valve  located  in  the  pressure  line. 

The  valve  located  in  the  pressure  line  is  a  safety  device  that 
protects  the  capacity  gage.    This  valve  is  normally  open,  allowing 
pressure  to  "bypass"  (go  around)  the  capacity  gage.    The  bypass  valve 
should  be  closed  onl2  when  you  need  to  obtain  the  amount  of  LOX  in  the 
tank     As  soon  as  you  have  obtained  the  amount  of  LOX  within  the  tank, 
the  bypass  valve  should  be  opened  again.    This  valve  will  be  color 
coded  black  and  may  be  letter  coded  "B".     (See  figure  below) 


FILL  a  DRAIN  VALVE  SPACE 

Figure  3. 
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RUPTURE  DISC 


Karlier  in  this  text  we  said  that  pressure  buildup  within  the 
LOX  tank  can  (under  the  right  conditions)  present  a  hazard  to  personnel 
and  equipment.    For  example,  if  the  shell  of  the  inner  tank  should 
rupture  and  leak  liquid  oxygen  into  the  annular  space  between  the  inner 
and  outer  tanks,  there  could  be  a  dangerous  buildup  of  pressure  between 
the  two  tank  shells.    To  prevent  the  outer  tank  from  being  damaged  or 
blown  up  from  excessive  pressures,  a  safety  device  is  installed  in  the 
shell  of  the  outer  tank.    This  safety  device  is  a  rupture  disc.  The 
rupture  disc  is  set  to  blow  out  at  a  pressure  low  enough  to  prevent  damage 
to  the  outer  tank  shell.    Since  LOX  tanks  are  made  by  several  different 
companies  and  since  each  company  has  different  pressure  settings  on  the 
tanks'  safety  devices,  we  will  not  discuss  the  pressure  settings  of  these 
safety  devices  in  this  text.     (See  figure  below). 


VACUUM 
VALVE 


Fill  ft  DRAIN  VALVE  SPACE 


Figure  ^. 
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BUILD-UP  VALVE 

LOX  tanks  do  not  have  pumps  to  aid  in  the  rapid  transfer  of  LOX, 
So  some  other  way  must  be  used  to  move  the  liquid*    The  other  way  is 
pressure.    As  you  already  know,  if  the  tank  vent  is  closed,  pressure 
will  start  to  build  in  the  tank.    But  this  is  a  slow  process.    To  speed 
this  process,  a  pressure  buildup  valve  and  coil  are  attached  to  the 
fill  and  drain  line.    When  the  pressure  buildup  valve  is  opened  (see 
figure)  LOX  will  flow  through  the  pressure  buildup  coil  (heat  exchanger) 
where  it  is  changed  to  a  gas.    From  the  heat  exchanger,  the  gas  follows 
the  pipe  which  joins  the  tank  vent  pipe  (remember  the  tank  vent  is 
closed).    The  gas  will  then  flow  back  into  the  gaseous  portion  of  the 
tank  and  will  apply  added  pressure  to  the  liquid  which  allows  a  more 
rapid  transfer  of  LOX.    This  valve  will  remain  closed  except  when 
building  up  pressure  in  the  tank.    The  pressure  buildup  valve  will  be 
colored  coded  white  and  may  be  letter  coded  "D". 


TANK  VENT  VALVE 


CAPACITY  GAGE  BYPASS  VALVE 
CAPACITY  GAGE 


FILL  &  ORAIN  VALVE 


II  p.  II 

PRESSURE  BUlLO^UP  VALVE  D 


Figure  5, 
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PRESSURE  CACE 


Just  above  the  point  that  the  pressure  buildup  coil  joins  the 
tank  vent  line  is  a  direct  reading  gage  ^Pressure  G^) .    This  is 
used  to  tell  how  .uch  pressure  is  built  up  within  the  varor  portion 
of  the  inner  tank. 

TANK  PRESSURE  RELIEF  VALVE 

Located  just  above  the  pressure  gage  in  the       f  ""^^"^^^i 
line  ifffroLctive  device.        ^-^  ^^^,^^^^^^J^ln, 

automatically.)      See  figure  below. 


Figure  6. 


TRANSFER  HOSE 


Before  we  talk  about  the  next  relief  valve,  let's  learn  about  the 
unit  it  protects.    This  is  the  LOX  cart  transfer  hose. 

The  transfer  hose  does  just  what  its  name  implies — it  transfers 
liquid  oxygen  through  the  hose  from  one  container  to  another.    The  hose, 
like  the  LOX  cart,  has  to  be  insulated  to  prevent  the  liquid  oxygen  from 
turning  into  a  gas.    It  also  prevents  the  operator  from  frostbite  due 
to  the  extreme  temperature  of  LOX. 

The  hose  is  made  up  of  3  parts  —  (Ref  to  figure  7),  the  inner  hose, 
the  corrugated  hose  and  the  scuff  guard.    The  inner  hose,  is  the  part 
that  the  liquid  oxygen  flows  through.    The  hose  is  made  of  a  special 
rubber  and  the  diameter  is  about  the  size  of  a  dime.    The  corrugated 
hose  is  made  of  a  metal  braid  and  acts  as  an  insulator*    The  last  part 
of  the  hose  is  the  scuff  guard.    The  guard  is  used  to  protect  the 
corrugated  hose  from  damage.    The  scuff  guard  can  be  removed  and  replaced 
but  the  inner  hose  and  the  corrugated  hose  are  a  combined  unit. 


Scuff  guard 


Inner  hose 

Figure  7.    Transfer  Hose. 
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HOSE  PRESSURE  RELIEF  VALVE 

The  next  relief  valve  is  located  in  the  fill  and  drain  line.  This 
is  the  Hose  Pressure  Relief  Valve.    This  relieves  excessive  pressure  in 
the  transfer  hose  and,  depending  on  the  type  of  tank,  will  be  manually 
or  automatically  operated.    There  are  two  more  safety  devices «  one 
located  in  the  pressure  buildup  line  and  one  in  the  fill  and  drain  line. 
These  are  safety  discs.    If  for  example,  the  hose  pressure  relief  valve 
or  tank  pressure  relief  valve  were  frozen  in  the  closed  position,  these 
discs  (Hose  Safety  Disc  and  Tank  Safety  Disc)  are  designed  to  blow  out 
if  the  pressure  in  the  hose  or  tank  continued  to  rise. 

The  last  item  is  of  the  Filter  located  in  the  fill  and  drain  line. 
The  filter  is  the  metal  porous  type.    This  unit,  as  the  name  implies, 
filters  LOX- 
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Using  the  diagram,  enter  the  number  that  correctly  identifies  the 
components  that  make  up  a  liquid  oxygen  facility.  If  you  are  not  sure 
of  the  answers  go  back  and  review  the  information  • 


a. 

Vacuum  valve 

h. 

Tank  vent  valve 

Pressure  buildup  valve 

i. 

Tank  pressure  relief  valve 

c. 

Tank  safety  disc 

j- 

Fill  and  drain  valve 

d. 

Annular  space 

k. 

Pressure  gage 

Hose  pressure  relief 

1, 

Capacity  gage 

valve 

m. 

Capacity  gage  bypass  valve 

f. 

Rupture  disc 

n* 

Filter 

8- 

Hose  safety  disc 
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SYSTEM  OPERATION 


Now  we  will  talk  about  the  complete  operation  of  the  cryotainer. 

For  you  to  learn  the  system's  operation  you  must  know  how  to  fill 
the  cryotainer.    The  large  storage  units  used  at  most  bases  are  filled 
from  a  tractor  trailer  truck  just  like  the  ones  used  to  service  gas 
stations  with  gasoline.    Some  bases  produce  their  oxygen  in  a  plant  type 
operation  and  the  liquid  is  pushed  right  into  the  tank  from  the  plant, 
(refer  to  figure  10).    First  you  must  connect  the  transfer  hose  (1)  to 
the  unit  you  are  going  to  fill.    The  connection  is  made  at  the  fill  and 
drain  port  (2.    Next  open  the  fill-drain  valve  (3) .    Now  open  the  vent 
valve  (4),  all  other  valves  should  be  closed.    The  cryotainer  is  ready 
to  receive  liquid  at  this  time.    When  liquid  is  pushed  into  the 
cryotainer,  it  flews  from  the  storage  container  of  the  servicing  truck 
through  the  transfer  hose  (1)  and  into  the  plumbing  of  the  cryotainer. 
The  liquid  then  flows  through  the  fill-drain  valve.    After  liquid  passes 
through  the  fill-drain  valve  it  will  enter  the  inner  tank  of  the  cryotaine 
You  will  know  when  the  container  is  full  when  there  is  a  steady  stream  of 
liquid  flowing  out  of  the  vent  valve. 

After  the  receiving  tank  is  full,  the  transfer  hose  must  be  dis- 
connected and  stored.    Also,  a  quantity  reading  will  be  taken. 

Located  on  the  pressure  line  that  connects  the  vent  pipe  and  the 
transfer  pipe  is  a  capacity  gage  (5).    As  the  name  states,  this  gage 
shows  the  amount  of  liquid  oxygen  within  the  inner  tank.    This  gage  is 
sensitive  to  pressure  and  it  can  be  damaged  by  pressure  surges.  Therefore 
the  gage  is  offset  from  the  pressure  line  and  is  protected  by  a  capacity 
gage  bypass  valve  (6)  located  in  the  pressure  line. 

The  valve  located  in  the  pressure  line  is  a  safety  device  that 
protects  the  capacity  gage.    This  valve  is  normally  open,  allowing 
pressure  to    bypass"  (go  around)  the  capacity  gage.    The  bypass  valve 
should  be  closed  onl^.  when  you  need  to  obtain  the  amount  of  LOX  in  the 
tank.    As  soon  as  you  have  obtained  the  amount  of  LOX  within  the  tank, 
the  bypass  valve  should  be  opened  again. 
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1.  Transfer  Hose 

2.  Kill-Drain  Port 

3-      Kill-Drain  Valve  C 


4.  Vent  Valve  E 

5.  Capacity  (Iaj;e 

6.  Capacity  Hage  Valve  H 


Figure  10.    Lj'^uid  Oxygen  Cryotalner, 
Select  the  correct  answer  for  the  following  questions. 

1.  The  first  step  when  filling  a  cryotainer  is  to 

a.  start  the  pump. 

b.  connect  the  transfer  hose. 

c.  open  the  fill  and  drain  line. 

d.  build  up  pressure  in  the  receiving  container. 

2.  You  know  that  the  tank  is  full  when 

a.  the  capacity  gage  reads  full. 

b.  liquid  starts  to  come  out  of  the  vent  valve. 

c.  the  capacity  gage  reads  5  gallons  over  the  full  mark. 

d.  liquid  flows  from  the  vent  valve  in  a  steady  stream. 

3.  When  filling  a  cryotainer >  the  vent  valve  should  be  closed. 

a.  True. 

b.  False. 
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BUILD-UP  PHASE 


Now  that  you  have  learned  how  to  fill  a  cryotainer,  the  next  phase 
of  operation  we  will  discuss  is  the  buildup  phase*    The  first  thing  you 
should  do  is  to  close  the  vent  valve  (1).    The  vent  valve  is  closed  so 
that  pressure  will  not  be  vented  out  of  the  cart»    The  next  thing  to  do 
is  to  open  the  pressure  buildup  valve  (2).    When  the  buildup  valve  is 
open,  liquid  oxygen  is  drawn  from  the  inner  container  through  the  fill- 
drain  line  (3)  then  into  the  buildup  valve  (2).    The  liquid  now  goes 
into  the  buildup  coil  (4),  where  the  liquid  will  take  on  heat  and  turn 
into  a  gas.    The  gas  will  travel  through  the  vent  line  (5)  into  the  top 
of  the  tank*    At  this  point,  the  gas  on  the  top  of  the  inner  tank  is 
pushing  down  on  the  liquid.    During  this  phase  of  the  buildup  operation, 
it  is  important  that  you  continually  watch  the  pressure  gage  (&)•  Normal 
operating  pressure  is  30f  or  -5  psig.    When  you  have  reached  the  operating 
pressure,  close  the  pressure  buildup  valve  (2).    This  will  stop  the 
liquid  from  being  changed  into  a  gas  and  prevent  the  pressure  from  rising 
any  higher.    If  at  any  time  the  pressure  should  rise  above  30+  or  -!>  psig, 
insure  that  the  buildup  valve  is  closed  (2) ,  then  slowly  open  the  vent 
valve  (1).    This  will  vent  gas  out  of  the  tank.    When  the  pressure  is 
back  within  the  30+  or  -5  psig  operating  range,  close  the  vent  valve. 

If  pressure  was  to  raise  to  50+  or  -5  psig  the  tank  pressure  relief 
valve  (7)  would  open  and  vent  pressure  automatically.    If  the  pressure 
relief  valve  (7)  malfunctioned  and  didn't  relieve  the  pressure,  the  safety 
disc  would  rupture  and  relieve  the  pressure  in  the  tank. 
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1.  Vent  Valve  E  5* 

2.  Pressure  Buildup  Valve  D  6* 

3.  Fill-Drain  Line  7. 

4.  Pressure  Buildup  Coil 


Vent  Line 

Pressure  Gage 

Pressure  Relief  Valve  1 


Figure  11.    Liquid  Oxygen  Cryotainer. 
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Scloot  tlie  correct  .answer  to  the  following  questions. 

1.  The  first  thing  you  should  do  In  the  buildup  stage  Is 
a*      open  the  vent  valve* 

b.      close  the  vent  valve, 
c*     Pji^rge  the  buildup  coll. 
d.      open  the  bypass  valve. 

2.  OperatJ^ng  pressures  should  not  exceed 

a.  2^  psl. 

b.  3p  psl. 

c.  35  psl. 

d.  40  psl. 

3.  After  reaching  the  operating  pressure  you  should 

a.  open  the  vent  valve. 

b.  close  the  bypass  valve. 

c.  close  the  buildup  valve. 

d.  disconnect  the  transfer  hose. 

A.     What  would  happen  if  the  pressure  of  a  cryotalner  reached  AO  psl? 

a.  The  inner  tank  rupture  disc  would  blow. 

b.  Nothing  -  AO  psl  is  the  normal  operating  pressure. 

c.  The  tank  pressure  relief  valve  would  relieve  excess  pressure • 

d.  Nothing  -  the  pressure  relief  valve  relieves  at  50  +  5  psl- 
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TRANSFER  OPERATION 


Now  let's  talk  about  the  transfer  operation.    The  first  step  in 
transferring  LOX,  is  to  make  sure  that  the  LOX  tank  from  which  you  will 
transfer  (source  tank)  has  enough  LOX  for  the  transfer  operation.  Also 
insure  that  you  have  built  up  enough  pressure  in  the  source  tank  for 
transferring  LOX,    This  procedure  was  talked  about  in  the  last  frame. 
Now  connect  one  end  of  the  transfer  hose  (1)  to  the  fill-drain  line  on 
the  source  tank.    Remove  the  dust  cover  from  the  other  end  of  the  transfer 
hose.    Place  the  open  end  of  the  transfer  hose  Into  a  drip  pan*  Slightly 
open  the  fill  and  drain  valve  (2)  on  the  sourct  tank.    Allow  a  small 
amount  of  liquid  to  go  into  the  hose,  to  purge  any  duat  or  dirt  out  of 
the  hose.    Close  the  fill  and  drain  valve  on  the  storage  tank. 

Now  you  can  remove  the  dust  cover  from  the  fill  and  drain  line  on 
the  receiving  tank.    Connect  the  transfer  hose  to  the  receiving  tank* 
Place  all  valves  on  the  receiving  tank  in  the  same  positions  described 
under  the  fill  phase  frame* 


(2) 


1.  Transfer  Hose 

2.  Fill-Drain  Valve  C 

Figure  12. 
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1.  The  first  step  In  transferring  LOX  is  to 
a.     build  up  pressure • 

clear  out  the  transfer  hose, 
c*     make  sure  you  have  enough  LOX. 
d.     remove  the  dust  cap  from  the  transfer  hose* 

2.  What  Is  the  position  of  tl\e  valves  when  transferring  LOX? 

a.  Vent  valve  open,  buJldnp  vax^e  open,  transfer  valve  open. 

b.  Vent  valve  closed,  buildup  valve  open,  transfer  valve  closed. 

c.  Vent  valve  closed,  buildup  valve  closed,  transfer  valve  closed. 

d.  Vent  valve  closed,  buildup  valve  closed,  transfer  valve  open- 
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At  this  point  you  should  be  familiar  with  the  construction  and 
operation  of  a  cryotainer  system.    It  Is  very  important  for  you  to  know 
all  the  components  and  how  they  work.    If  you  are  unsure  of  any 
information  given  in  this  FT,  go  back  and  review  the  frames  covering 
the  information.    If  you  still  have  questions,  ask  your  instructor  for 
help.    This  concludes  the  FT  on  the  construction  and  operation  of  a 
cryotainer.    See  your  instructor  at  this  time. 
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CRYOTAINER  LABORATORY  PROJECTS 

Objectives 

1«     Using  tools,  inspection  workcard,  applicable  TOs  and  workbook, 
inspect  the  cryotainer  and  components*    Locate  and  record  a  minimum  of 
four  discrepancies  on  AFTO  Form  349#    A  maximum  of  two  instructor  assists 
is  allowed.    Apply  safety  precautions  without  error. 

2.  Using  assigned  cryotainer,  proper  tools,  applicable  TOs  and 
workbook,  remove  and  replace  a  minimum  of  three  components*    A  maximum 
of  one  instructor  assist  per  component  is  allowed.    Apply  safety  pre- 
cautions without  error. 

3.  Using  a  vacuum  pump,  vacuum  micron  gage,  applicable  TOs, 
workbook,  and  working  in  a  group  of  not  more  than  four  students,  evacuate 
the  cryotainer.    A  maximum  of  three  instructor  assists  is  allowed. 
Apply  safety  precautions  without  error. 

A.      Using  purging  unit,  applicable  TOs,  workbook,  safety  equipment, 
and  working  in  a  group  of  not  more  than  four  students,  purge  a  cryotainer. 
A  maximum  of  two  instructor  assists  is  allowed.    Apply  safety  precautions 
without  error. 

5.  Using  safety  equipment,  applicable  TOs,  workbook  and  working 
in  a  group  of  not  more  than  two  students,  perform  an  operational  test 

of  a  cryotainer.    A  maximum  of  two  instructor  assists  is  allowed.  Apply 
safety  precautions  without  error. 

6.  Using  leak  tec  solution,  sonic  leak  detector,  safety  equipment, 
applicable  TOs,  workbook,  and  working  in  a  group  of  not  more  than  two 
students,  perform  leak  tests  on  a  cryotainer.    A  maximum  of  one  instructor 
assist  is  allowed.    Apply  safety  precautions  without  error. 

INSTRUCTIONS 

The  following  workbook  deals  with  the  inspection  and  maintenance  of 
cryotainers.    Read  each  project  carefully  before  starting  any  work.  If 
you  have  any  questions,  be  sure  and  ask  your  instructor. 


Supersedes  3ABRA2331-WB-A0A,  9  March  1982. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 
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Safety 

Carelessness  in  handling  cryogenic  fluids  can  result  in  bodily  injury 
or  damage  to  equipment*    The  extremely  low  temperatures  can  cause  severe 
frostbite  (burns)  if  allowed  to  contacV:  human  skin.    High-purity  oxygen 
greatly  increases  the  potential  for  supporting  combustion.    Oxygen  vapors 
mixed  with  such  fuels  as  diesel  fuel,  tar,  rags,  or  clothing  can  cause  an 
explosion  if  ignited.    There  ars  many  sources  of  ignition  which  can  result 
in  an  explosion.    A  few  of  these  sources  are  an  open  flame,  lighted 
cigarettes,  matches,  static  electricity,  or  scraping  shoe  nails  against 
a  concrete  floor.    Always  wear  tightly  woven  cotton  clothing  whenever 
working  with  liquid  oxygen.    Do  not  wear  woolen  or  nylon  clothing  because 
there  is  danger  of  static  sparks  caused  by  this  material.    Wear  high~top 
shoes  with  sewn  soles  (no  nails).    Wear  your  trouser  legs  outside  shoe 
tops  to  prevent  spilling  liquid  into  your  shoes.    Note  in  the  sketch  what 
we  are  talking  about.    In  addition,  wear  a  face  shield,  loose  fitting 
heavy  degreased  gauntlet  gloves,  and  a  long  rubberized  or  asbestos  apron. 

These  protective  devices  are  mandatory  when  handling  liquid  oxygen. 
Smoking  or  any  other  source  of  ignition  must  not  be  allowed  within  50  feet 
of  the  area  where  liquid  oxygen  is  handled  or  stored.    Also  do  not  smoke 
for  at  least  30  minutes  after  handling  liquid  oxygen.    Clothing  saturated 
with  oxygen  vapor  could  explode  with  a  flash  while  lighting  a  cigarette. 
Provide  adequate  ventilation  in  areas  where  liquid  oxygen  is  handled  and 
stored.    It  is  necessary  to  ground  oxygen  tanks  during  transfer  and  storage, 
Keep  oil  and  grease,  and  any  hydrocarbons  away  from  an  area  where  liquid 
oxygen  is  stored  or  transferred.    Do  not  allow  equipment  to  become 
contaminated.    Cleanliness  of  person,  clothing,  and  equipment  is  a 
necessity. 


T\\e  face  shield  must  cover  the  entire  face. 


Depending  on  which  angle  you  are  servicing  at,  the  cuffs 
will  be  in  or  out  of  your  sleeves.    If  you  are  servicing 
with  your  arms  up,  the  cuffs  should  be  outside  of  your 
sleeves.    If  you  are  servicing  with  your  arms  down,  the 
cuffs  should  be  tucked  into  your  sleeves,  as  shown  in- 
the  picture.    Use  common  sense. 

The  apron  must  cover  the  body  at  least  down  to  the 
knees.    It  can  be  longer. 

Shoes  must  be  laced  tightly  and  rubber  boots  may  be 
worn  as  additional  foot  protection.    Trouser  cuffs 
must  cover  the  tops  of  the  shoes  or  boots. 
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PROJECT  1.  INSPECTION 

Part  of  your  responsibility  as  an  environmental  systems  mechanic 
will  be  to  maintain  cryotalners.    This  will  involve  not  only  maintenance, 
but  Inspecting  the  cryotalner  also*    This  project  will  only  involve  the 
inspection  requirements  for  the  cryotalner • 

At  this  point  refer  to  the  general  Inspection  requirements  belowJ 


ITEM 

INSPECTED  FOR 

FREQUENCY 

Instruments 

Cracked  or  broken  gage  faces, 
T)amn<fe^t^  mountings  pnrl  connect! ions  • 

Daily 
Daily 

Hos6 

Frayed  wire  in  braid. 

Daily 
Daily 

rxxi  ana  uraxn  vai.ve 

*  liy  D  l.KmCLA.     VlOUlClgC    ClilLL     WW  L  H    V/*-     l-lOlUo J^^l-l     ^Ofc  UO  • 

Daily 

Cabinet 

Cleanliness  and  absence  of  foreign  objects. 
Missing  or  damaged  valve  handles. 

Daily 
Daily 

Valves 

Ease  of  operation. 

Leaks  in  bonnet  or  packing. 

Daily 
Dally 

Brake 

Proper  and  easy  operation. 

Daily 

Tank 

General  physical  condition  and  loose  or 
missing  hardware. 

Daily 

Tires 

Cracks,  under inflation,  deterioration,  or 
other  damage  (30  psi  pressure). 

Monthly 

Painted  Surface 

Corrosion,  Rust,  Damage,  Peeling  (Spot 
paint  if  deterioration  constitutes 
less  than  25  percent  of  the  entire 
surface  to  be  refinishcd;  if  25 
percent  or  more,  refinish  entire 
surface. ) . 

Monthly 

Figure  1. 
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These  are  only  general  inspection  requirements  for  all  LOX  cryotainers. 
Notice  how  often  these  components  require  inspection.    The  cryotainer,  as 
a  whole  unit,  also  has  to  be  inspected  at  certain  times.    These  inspections 
are  called  periodic  inspections.    You  will  have  an  AFTO  Form  26  (Inspection 
workcard)  to  use  as  a  guideline <  showing  which  components  to  inspect  and 
what  to  look  for.    A  Support  Equipment  Work  Unit  Code  Manual,  TO  00-25- 
06-2-2  is  used  to  find  the  codes  to  document  the  work  done  on  AFTO  Forms 
3A9. 

At  this  time,  see  your  instructor.    The  Instructor  will  assign  you 
a  cryotainer  to  inspect.    Use  the  inspection  workcard  to  inspect  the 
assigned  LOX  cart  and  locate  four  discrepancies.    Use  TO  00-25-06-2-2  to 
complete  the  four  discrepancies  on  AFTO  Forms  349.    You  are  allowed  a 
maximum  of  two  Instructor  assists  on  this  project. 

PROJECT  2.  MAINTENANCE 

When  a  discrepancy  is  found  on  a  cryotainer,  it  should  be  repaired 
as  soon  as  possible,  whether  it  be  tightening  a  screw  or  removing  and 
replacing  a  component.    Keeping  all  cryotainers  in  working  condition  is 
essential  to  mission  accomplishment. 

During  this  project,  you  will  be  required  to  remove  and  replace  at 
least  three  components.    The  Instructor  will  give  you  a  pre-printed  AFTO 
Form  349.    On  the  349  will  be  printed  the  discrepancy  and  the  cyrotainer 
ID/ serial  number.    Also,  on  the  back  of  the  349  there  will  be  deletion 
steps  and  notes  for  you  to  use  along  with  your  TO.    After  completing  the 
maintenance,  you  are  required  to  complete  the  349,  using  the  work  unit 
code  manual.    Your  instructor  will  give  you  one  349  at  a  time.    When  you 
have  completed  the  maintenance  and  the  349,  return  the  349  to  your 
instructor  to  Inspect  your  work. 

At  thlfi  time,  see  your  instructor  and  obtain  a  349  and  TO. 

PROJECT  3.    VACUUM  CHECK 

As  you  already  know,  liquid  oxygen  must  be  kept  as  cold  as  possible. 
This  prevents  it  from  boiling  off  -  changing  from  a  liquid  state  to  a 
gaseous  state.    Keeping  the  oxygen  a  liquid  Is  done  by  removing  as  much 
air  as  possible  out  of  the  annular  space.    This  Is  known  as  a  vacuur 
A  vacuum  is  the  absence  of  air.    If  there  isn't  a  vacuum  around  the  inner 
tank,  heat  will  transfer  from  the  outer  tank>  travel  through  the  air  in 
the  annular  space  -  to  the  Inner  tank.    This  will  cause  the  liquid  in  the 
inner  tank  to  boil  off  into  a  gas.    When  you  are  In  the  field,  you  will 
be  required  to  check  and  maintain  the  vacuum  in  the  cryotainer.    To  check 
the  vacuum,  you  use  a  vacuum  gage  and  thermocouple.    The  thermocouple  is 
a  tubed-type  male  plug  that  is  connected  through  piping  to  the  annular 
space  of  a  cryotainer.    Each  thermocouple  is  a  precision  component  and  is 
preset  to  a  certain  meter  reading  (calibrated).    When  you  connect  the 
vacuum  micron  gage  to  the  thermocouple^  be  sure  that  all  the  pins  on  the 
thermocouple  line  up  with  the  correct  holes  on  the  vacuum  gage  plug.  Now 
you  are  ready  to  take  the  vacuxim  reading  from  the  vacuum  gage.    To  learn 
how  to  do  this,  obtain  TO  37C11-3-1.    Read  page  1-1,  page  1-4,  page  2-2 
and  look  at  figure  1-2. 
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The  instructor  will  assign  you  a  LOX  cart  to  check  the  vacuum  on. 
After  you  have  checked  the  vacuum  lAW  TO  37C11-3-1,  give  the  instructor 
your  reading. 

VACUUM  PROCEDURES 

When  the  micron  reading  of  the  vacuum  of  a  cryotainer  is  greater 
than  the  reading  specified  by  the  TO,  the  annular  space  must  be  vacuumed 
to  reach  the  required  reading.    This  is  generally  referred  to  as  pump 
down.    Prior  to  the  pump  down  of  the  vacuum  in  the  annular  space,  you 
must  make  sure  that  the  tank  is  empty.    The  component  used  to  vacuum  the 
annular  space  of  a  cryotainer  is  the  PMU-A-E  vacuum  pump.    Other  pumps 
are  allowed,  but  you  must  refer  to  the  TO  to  insure  that  a  specific  pump 
is  authorized. 

Refer  to  figure  1  in  TO  3AY5- 3-37-11,  and  become  familiar  with  the 
various  components  on  the  vacuum  pump. 

At  this  time,  see  your  instructor.    The  instructor  will  give  you  a 
pre-printed  349,  TOs  37C2-8-3-3,  3AY5-3-37-11  and  37A12-1-101.  Follow 
the  procedures  in  TO  37A12-1-101  for  vacuuming  the  annular  space.    On  the 
back  of  the  3A9  will  be  additional  information  that  must  be  followed  along 
with  TO  37Ai2-l-10l.    While  doing  the  pump  down  procedures,  refer  to 
TO  37C2-8-3-3,  figure  5-8  and  TO  3AY5-3-37-11,  figure  1-1. 

PROJECT  A.  PURGING 

Purging  of  a  cryotainer  is  the  process  of  forcing  heated  air  or 
nitrogen  through  the  drained  tank,  causing  contaminants  or  moisture  in 
the  tank  to  be  converted  to  a  gas  and  removed  from  the  tank.  Cryotainers 
are  not  purged  on  a  scheduled  basis,  but  rather  when  the  percentages  of 
contaminants  reach  an  undesirable  level.    This  level  is  determined  by 
either  laboratory  testing  or  the  odor  of  particulate  testing. 

Requirements  for  draining  and  purging  are  found  in  TO  A2B6-1-1. 
Since  the  tank  you  are  going  to  use  has  already  been  drained,  you  will 
not  need  this  TO. 

Evidence  of  contamination  of  a  storage  tank  will  require  all 
servicing  carts  to  be  purged  along  with  the  storage  tank  to  assure 
complete  disposal  of  the  contaminated  LOX. 

The  unit  used  to  purge  LOX  cryotainers  is  the  GSU-62/M.  Refer 
to  figure  2  on  the  next  page. 

PURGING  PROCEDURES 

See  your  instructor  at  this  time.    The  instructor  will  give  you 
a  pre-printed  3A9  and  TO  37C2-8-3-3.    Follow  the  procedures  for  purging 
a  cryotainer  along  with  the  exceptions  found  on  the  back  of  your  3A9. 


MfATtk  ASStMllY 


POP  SA'ET 
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Air  Purging  Unit,  Type  GSU-6/2/M  -  Left  Side. 

2  4 


Heater  assembly. 

Motor. 

Blower. 


A.  Filter. 

5.      Electrical  power  cable, 


Figure  2*    Air  Purge  Unltit  Type  GSU-62/M  -  Right  Side* 
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PROJECT  5-    OPERATION  AND  LEAK  CHECK  OF  A  LOX  TRANSFER  CART 

As  an  environmental  systems  mechanic,  you  will  be  responsible  for 
Insuring  that  the  LOX  transfer  carts  are  operational  and  that  they  do 
not  have  any  leaks • 

Use  the  checklist  below  and  follow  all  safety  and  general 
instructions-    Pay  strict  attention  to  all  procedures,  especially  safety. 
If  you  have  any  questions  ask  your  instructor.    You  will  be  working  with 
liquid  nitrogen,  therefore,  it  is  of  utmost  importance  that  you  are  sure 
of  what  you  are  doing,  BEFORE  you  do  it.    Follow  each  step  in  proper 
sequence-    Make  sure  you  know  the  location  of  the  emergency  eyewash  and 
shower • 

1.      Put  on  proper  safety  equipment  (locker  #2).    Make  sure  face 
shields  are  properly  adjusted  and  the  aprons  are  not  torn.    Short  sleeve 
shirts  will  not  be  worn  during  servicing  operation. 

2*      Open  the  lid  on  the  LOX  cart  and  study  the  valve  positions  and 
colors*    Remember  that  many  LOX  carts  differ  in  design,  so  the  valve 
position  will  vary- 

3-  Perform  a  complete  visual  inspection.    Specific  items  to  be 
checked  are: 

a.  Broken  gages. 

b.  Worn  grounding  reel. 

c.  Excessive  wear  on  components. 

4-  Close  the  vent  valve  (RED  VALVE). 

5.  Open  pressure  buildup  valve  (WHITE  VALVE).    This  valve  is  open 
just  enough  to  reach  25  psi  on  the  pressure  gage  then  close  the  buildup 
valve . 

6.  Using  leak  tec  solution  and  ultrasonic  leak  detection  and 
safety  equipment  perform  a  leak  teat  of  the  cryotair^er.    Identify  any 
leaks  to  instructor. 

7.  Open  transfer  valve  (BLUE  VALVE),  take  hose  out  of  container 
and  take  off  dust  cap  from  the  end  of  transfer  hose  filler  valve. 

8.  Connect  the  filler  nozzle  to  purge  adapter  o  the  LOX  cart 
(located  on  the  lower  right-hand  side  of  the  cart  as  you  are  facing  the 
valve  compartment).  Continue  purging  until  you  notice  a  steady  flow  of 
liquid  from  nozzle.  Then  disconnect  the  nozzle  from  the  purge  adapter. 
There  is  now  liquid  trapped  in  the  transfer  hose,  now  check  the  transfer 
hose  for  leaks  also  the  filler  nozzle.  If  no  leaks  are  found,  stow  the 
hose  back  in  container  in  the  same  manner  that  it  was  removed. 

9.  You  might  hear  a  sudden  relief  of  pressure  out  of  the  vent 
port.    This  is  the  transfer  hose  automatic  relief  valve  relieving  pressure 
buildup  in  the  transfer  hose. 
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10,      Open  vent  valve  (RED  VALVE),  slowly  bleed  pressure  off,  be 
sure  buildup  valve  is  closed  (WHITE  VALVE). 

TJhlle  using  this  workbook,  you  learned  about  the  operation  and 
naintenance  of  a  cryotainer.    As  you  progress  through  your  career  as 
an  environmental  systems  mechanic i  you  will  learn  more  and  more  about 
the  cryotainer  and  the  associated  equipment.    The  most  important  thing 
you  can  learn  about  a  cryotainer  is  to  be  safe  and  to  follow  all  technical 
order  procedures.    No  matter  how  many  times  you  do  something,  there  is 
always  the  chance  of  making  a  mistake.    By  using  the  TO  and  following  it 
properly,  you  can  eliminate" the  possibility  of  error. 

This  concludes  the  workbook  on  cryotainers*    At  this  time,  see  your 
instructor  for  further  instructions • 
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OBJECTIVE 


State  general  principles  relating  to  i^e  operation  of  a  cryotainer 
system  and  units.    A  minimum  of  four  out  of  five  must  be  correct. 

INFORMATION 

This  study  guide  is  designed  to  help  you  prepare  for  th-  measurement 
test.    Material  contained  in  this  study  guide  supports  the  instructor's 
lesson  and  may  be  used  for  study  material  to  complete  the  objective  on 
the  progress  check. 

Note:    This  information  deals  with  storage  tanks.    The  instructor's 
lesson  deals  with  transfer  carts.    There  is  little  difference 
betvreen  the  two.    This  study  guide  will  point  out  where  the 
difference. 
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STORING  CRYOGENIC  FLUIDS 


The  storage  of  cryogenic  fluids  for  a  lot  of  years  has  caused  a 
problem.    No  refrigeration  system  was  able  to  keep  this  liquid  at  a 
temperature  low  enough  to  keep  it  in  a  liquid  state.    Now  liquid  oxygen 
and  liquid  nitrogen  can  be  stored  successfully.    They  are  stored  in  the 
same  way.    Since  our  first  concern  is  the  storage  of  liquid  oxygen,  this 
Programmed  Text  refers  to  liquid  oxygen. 

Liquid  oxygen  must  be  kept  at  a  very  cold  temperature  (below  -297'F) 
to  keep  it  in  a  liquid  state.    Any  heat  causes  it  to  boil  and  gas  off. 
You  can  see  the  gassing  off  process  taking  place  in  water.    Water  will 
boil  and  gas  off  to  a  water  vapor,  when  its  temperature  is  raised  above 
the  boiling  point.    The  more  heat  added  to  a  liquid,  the  more  it  boils 
and  evaporates. 

There  is  no  low  cost  way  of  refrigerating  liquid  oxygen  to  keep  it 
in  a  liquid  state;  therefore,  the  only  practical  way  to  store  it  is  to 
try  to  keep  heat  from  getting  to  it.    This  is  done  by  use  of  a  cryotainer. 

LOX  must  be  kept  in  insulated  tanks  to  stop  it  from  boiling  and  thus 
changing  from  a  liquid  to  a  gas.    To  slow  this  boiling  action  down,  one 
tank  is  placed  inside  another.    The  inner  tank  holds  the  liquid.  The 
outer  tank  aids  in  insulating  the  inner  tank.    The  space  between  the  two 
tanks  (annular  space)  is  filled  with  an  insulating  material.    A  vacuum 
pump  is  attached  to  the  line  at  the  top  of  the  tank.    The  vacuum  valve 
is  then  opened  and  the  air  is  pumped  out.    The  valve  is  then  safety 
wired  shut  to  stop  accidental  opening.    This  valve  will  be  color  coded 
yellow  and  may  be  letter  coded  "A".    These  two  items,  the  Insulating 
material  and  vacuum  in  the  annular  space,  provide  the  insulation  for  the 
inner  tank.    (See  figure  below.) 


Figure  1. 
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CONTROL  VALVES 


There  are  3  main  control  valves.    All  are  the  globe  type  with 
extended  stems.    The  extended  stem  prevents  the  packing  from  freezing 
and  reduces  heat  transfer  from  the  hand-wheel  to  the  valve  body.  The 
valve  body  is  at  the  temperature  of  the  liquid  oxygen  while  the  hand- 
wheel  is  cool  to  the  operator. 

There  arc  two  pipes  that  come  from  the  inner  tank.    The  top  line 
from  the  inner  tank  is  the  vent  pipe  and  has  the  vent  valve  attached. 
This  valve  is  only  closed  when  transferring  (dispensing)  liquid.  At 
all  other  times,  this  valve  will  be  open  to  let  the  liquid  that  is 
vaporizing,  out  of  the  tank.    The  valve  is  color  coded  red  and  may  be 
letter  coded  "E''.     (See  figure  below).    The  line  from  the  bottom  inner 
tank  is  the  fill  and  drain  line  with  the  fill  and  drain  valve  attached. 
The  valve  will  be  color  coded  blue  and  may  be  letter  coded  "C".  This 
valve  will  only  be  opened  when  issuing  or  receiving  LOX.    On  transfer 
carts,  you  will  have  two  separate  valves.    Fill  and  drain,  for  filling 
and  draining  the  cart,  this  is  color  coded  green.    The  second  valve 
will  be  your  transfer  valve,  opened  only  when  transferring  liquid. 
This  valve  will  be  color  coded  blue. 

VACUUM 
VALVE 


I 


Figure  2, 
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CAPACITY  GAGE  AND  CAPACITY  GAGE  BY~PASS  VALVE 


Located  on  the  pressure  line  that  connects  the  vent  pipe  and  the 
transfer  pipe  is  a  capacity  gage.    As  the  name  states,  this  gage  shows 
the  amount  of  liquid  oxygen  within  the  inner  tank.    This  gage  is 
sensitive  to  pressure  and  it  can  be  damaged  by  pressure  surges. 
Therefore,  the  gage  is  offset  from  the  pressure  line  and  is  protected 
by  a  capacity  gage  bypass  valve  located  in  the  pressure  line. 


The  valve  located  in  the  pressure  line  is  a  safety  device  that 
protects  the  capacity  gage.    This  valve  is  normally  open,  allowing 
pressure  to  "bypass"  (gc  around)  the  capacity  gage.    The  bypass  valve 
should  be  closed  only  when  you  need  to  obtain  the  amount  of  LOX  in  the 
tank.    As  soon  as  you  have  obtained  the  amount  of  LOX  within  the  tank, 
the  bypass  valve  should  be  opened  again.    This  valve  will  be  color 
coded  black  and  may  be  letter  coded  "B".     (See  figure  below) 


FILL  a  ORAtN  VALVE 


Figure  3. 


RUPTURE  DISC 


Earlier  in  this  text  we  said  that  pressure  buildup  within  the 
LOX  tank  can  (under  the  right  conditions)  present  a  hazard  to  personnel 
and  equipment.    For  example,  if  the  shell  of  the  inner  tank  should 
rupture  and  leak  liquid  oxygen  into  the  annular  space  between  the  inner 
and  outer  tanks,  there  could  be  a  dangerous  buildup  of  pressure  between 
the  two  tank  shells.    To  prevent  the  outer  tank  from  being  damaged  or 
blown  up  from  excessive  pressures,  a  safety  device  is  installed  in  the 
shell  of  the  outer  tank.    This  safety  device  is  a  rupture  disc.  The 
rupture  disc  is  set  to  blow  out  at  a  pressure  low  enough  to  prevent  damage 
to  the  outer  tank  shell.    Since  LOX  tanks  are  made  by  several  different 
companies  and  since  each  company  has  different  pressure  settings  on  the 
tanks ^  safety  deviCs::s,  we  will  not  discuss  the  pressure  settings  of  these 
safety  devices  in  this  text.     (See  figure  below). 


VACUUM 
VALVE 
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FILL  ft  DRAIN  VALVE  SPACE 


BUILD'-TP  VALVE 


LOX  tanks  do  not  have  pumps  to  aid  in  the  rapid  transfer  of  LOX. 
So  some  Ow'ier  way  must  be  used  to  move  the  liquid.    The  other  way  is 
pressure.    As  you  already  know,  if  the  tank  vent  is  closed,  pressure 
will  start  to  build  in  the  tank.     But  this  is  a  slow  process.    Vo  speed 
this  process,  a  pressure  buildup  valve  and  coil  are  attached  to  the 
fill  and  drain  line.    When  the  pressure  buildup  valve  is  opened  (see 
figure)  LOX  will  flow  through  the  pressure  buildup  coil  (heat  exchanger) 
where  it  is  changed  to  a  gas.    From  the  heat  exchanger,  the  gas  follows 
the  pipe  which  joins  the  tank  vent  pipe  (remember  the  tank  vent  is 
closed).     The  gas  will  then  flow  back  into  the  gaseous  portion  of  the 
tank  and  will  apply  added  pressure  to  the  liquid  which  allows  a  more 
rapid  transfer  of  LOX.    This  valve  will  remain  closed  except  when 
building  up  pressure  in  the  tank.    The  pressure  buildup  valve  will  be 
colored  coded  white  and  may  be  letter-  coded  "D". 


VACUUM 
VALVE 


CAPACITY  GAGE  BYPASS  VALVE 


CAPACITY  GAGE 


TANK  VENT  VALVE 


/ 


RUPTURE 

-  Disc 


TILL  ft  DRAIN  \ALVE 


PRESSURE  BUILD-UP  COlL^  "     (MEAT  EXCHANGER) 
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PRESSURE  BUILD-UP  VALVE  D 


ANNULAR 
SPACE 


Figure  5. 
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PRESSURE  CAC.E 


Just  above  the  point  that  the  pressure  buildup  coil  joins  the 
tank  vent  line  is  a  direct  reading  gage  (Pressure  Ga^e) .    This  is 
used  to  tell  how  much  pressure  is  built  up  within  the  vapor  portion 
of  the  inner  tank. 

TANK  PRESSURE  RELIEF  VALVE 

Located  just  above  the  pressure  gage  in  the  pressure  build  up 
line  is  a  protective  device/the  Tank  Pressure  ReiM  ^^^.^^^ 
ia^ve  will  relieve  excessive  pres^  in  the  inner  tank  (Depending 
In  the  type  of  tank  the  valve  will  operate  either  manually  or 
automatically.)      See  figure  below. 


Figure  6. 
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TRANSFER  HOSE 


Before  we  talk  about  the  next  relief  valve,  let's  learn  about  the 
unit  it  protects.    This  is  the  LOX  cart  transfer  hose. 

The  transfer  hose  does  just  what  its  name  implies — it  transfers 
liquid  oxygen  through  the  hose  from  one  container  to  another.    The  hose, 
like  the  LOX  cart,  has  to  be  insulated  to  prevent  the  liquid  oxygen  from 
turning  into  a  gas.    It  also  prevents  the  operator  from  frostbite  due 
to  the  extreme  temperature  of  LOX. 

The  hose  is  made  up  of  3  parts       (Ref  to  figure  7),  the  inner  hose, 
the  corrugated  hose  and  the  scuff  guard.    The  inner  hose,  is  the  part 
that  the  liquid  oxygen  flows  through.    The  hose  is  made  of  a  special 
rubber  and  the  diameter  is  about  the  size  of  a  dime.    The  corrugated 
hose  is  made  of  a  metal  braid  and  acts  as  an  insulator.    The  last  part 
of  the  hose  is  the  scuff  guard.    The  guard  is  used  to  protect  the 
corrugated  hose  from  damage.    The  sc»«ff  guard  can  be  removed  and  replaced 
but  the  inner  hose  and  the  corrugated  hose  are  a  combined  unit. 


Scuff  guard 


Inner  hose 

Figure  7.    Transfer  Hose. 
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HOSE  PRESSURE  RELIEF  VALVE 

The  next  relief  valve  is  located  in  the  fill  and  drain  line.  This 
is  the  Hose  Pressure  Relief  Valve.    This  relieves  excessive  pressure  in 
the  transfer  hose  and,  depending  on  the  type  of  tank,  will  be  manually 
or  automatically  operated.    There  are  two  more  safety  devices,  one 
located  in  the  pressure  buildup  line  and  one  in  the  fill  and  drain  line. 
These  are  safety  discs.     If  for  example,  the  hose  pressure  relief  valve 
or  tank  pressure  relief  valve  were  frozen  in  the  closed  position,  these 
discs  (Hose  Safety  Disc  and  Tank  Safety  Disc)  are  designed  to  blow  out 
if  the  pressure  in  the  hose  or  tank  continued  to  rise. 

The  last  item  is  of  the  Filter  located  in  the  fill  and  drain  line. 
The  filter  is  the  metal  porous  type.    This  unit,  as  the  name  implies, 
filters  LOX. 
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Using  the  diagram,  enter  the  number  that  correctly  identifies  the 
components  that  make  up  a  liquid  oxygen  facility.  If  you  are  not  sure 
of  the  answers  go  back  and  review  the  information. 


Figure  9. 

iu  Vacuum  valve  h.  Tank  vent  valve 


 Pressure  buildup  valve  i*   Tank  pressure  relief  valve 


c*   Tank  safety  disc  j.   Fill  and  drain  valve 


d,   ^Annular  space  k.   ^Pressure  gage 


e.   ^Hose  pressure  relief  1,   Capacity  gage 

valve 

m,   ^Capacity  gage  bypass  valve 

f.   ^Rupture  disc 

n*   Filter 

 Hose  safety  disc 


ERIC 


,     SYSTEM  OPERATION 
Now  we  will  talk  about  the  complete  operation  of  the  cryotaiuer. 

For  you  to  learn  the  system's  operation  you  must  know  how  to  fill 
the  cryotainer.    The  large  storage  units  used  at  most  bases  are  filled 
from  a  tractor  trailer  truck  just  like  the  ones  used  to  service  gas 
stations  With  gasoline.    Some  bases  produce  their  oxygen  in  a  plant  type 
operation  and  the  liquid  is  pushea  right  into  the  tank  from  the  plant, 
(refer  to  figure  10).    First  you  must  connect  the  transfer  hose  (1)  to 
the  unit  you  are  going  to  fill.    The  connection  is  made  at  the  fill  and 
drain  port  (2  .    Next  open  the  -fill-drain  valve  (3).    Now  open  the  vent 
valve  (4),  all  other  valves  should  be  closed.    The  cryotainer  is  ready 
to  receive  liquid  at  this  time.    When  liquid  is  pushed  into  the 
cryotainer,  it  flows  from  the  storage  container  of  the  servicing  truck 
through  the  transfer  hose  (l)  anu  into  the  plumbing  of  the  cryotainer. 
^^rn  '^""^^        fill-drain  valve.    After  liquid  passes 

through  the  fill-drain  valve  it  will  enter  the  inner  tank  of  the  cryotainer. 
You  will  know  when  the  container  is  full  when  there  is  a  steady  stream  of 
liquid  flowing  out  of  the  vent  valve. 

After  the  receiving  tank  is  full,  the  transfer  hose  must  be  dis- 
connected and  stored.    Also,  a  quantity  reading  will  be  taken. 

Located  on  the  pressure  line  that  connects  the  vent  pipe  and  the 
transfer  pipe  is  a  capacity  gage  (5).    As  the  name  states,  this  gage 
shows  the  amount  of  liquid  oxygen  within  the  inner  tank.    This  gage  is 
sensitive  to  pressure  and  it  can  be  damaged  by  pressure  surges.  Therefore, 
the  gage  is  offset  from  the  pressure  line  and  is  protected  by  a  capa-'ity 
gage  bypass  valve  (6)  located  it:  the  pressure  line. 

The  valve  located  in  the  pressure  line  is  a  safety  device  that 
protects  the  capacity  gage.    This  valve  is  normally  open,  allowing 
pressure  to  "bypass"  (go  around)  the  capacity  gage.    The  bypass  valve 
should  be  closed  only  when  you  need  to  obtain  the  amount  of  LOX  in  the 
tank.    As  soon  as  you  have  obtained  the  amount  of  LOX  within  the  tank 
the  bypass  valve  should  be  opened  again.  * 
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(A) 


(3)        (5)  (6) 


1.  Transfer  Hose  A.      Vent  Valve  E 

2.  Kili-Drain  Port  5.      Capacity  (laj»e 

J,      Kill-Drain  Valve  C  6.      Capacity  Ga^e  Valve  B 

Figure  10.    Li'^uid  Oxygen  Cryotalner. 
Select  the  correct  answer  for  the  following  questions. 
The  first  step  when  filling  a  cryotainer  is  to 

a.  start  the  pump. 

b.  connect  the  transfer  hose. 

c.  open  the  fill  and  drain  line. 

d.  build  up  pressure  in  the  receiving  container. 

You  know  that  the  tank  is  full  when 

a.  the  capacity  gage  reads  full. 

b.  liquid  starts  to  come  out  of  the  vent  valve. 

c.  the  capacity  gage  reads  5  gallons  over  the  full  mark. 

d.  liquid  flows  from  the  vent  valve  in  a  steady  stream. 

When  filling  a  cryotainer,  the  vent  valve  should  be  closed. 

a.  True. 

b.  False. 

13 
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BUILD-UP  PHASE 


Now  that  you  have  learned  how  to  fill  a  cryotainer,  the  next  phase 
o£  operation  we  will  discuss  is  the  buildup  phase.    The  first  thing  you 
should  do  is  to  close  the  vent  valve  (1).    The  vent  valve  is  closed  so 
that  pressure  will  not  be  vented  out  of  the  cart.    The  next  thing  to  do 
is  to  open  the  pressure  buildup  valve  (2).    When  the  buildup  valve  is 
open,  liquid  oxygen  is  drawn  from  the  inner  container  through  the  fill- 
drain  line  (3)  then  into  the  buildup  valve  (2).    The  liquid  now  goes 
into  the  buildup  coil  (A),  where  the  liquid  will  take  on  heat  and  turn 
into  a  gas.    The  gas  will  travel  through  the  vent  line  (5)  into  the  top 
of  the  tank.    At  this  point,  the  gas  on  the  top  of  the  inner  tank  is 
pushing  down  on  the  liquid.    During  this  phase  of  the  buildup  operation, 
it  is  important  that  you  continually  watch  the  pressure  gage  (6).  Normal 
operating  pressure  is  30+  or  -5  psig.    When  you  have  reached  the  operating 
pressure,  close  the  pressure  buildup  valve  (2).    This  will  stop  the 
liquid  from  being  changed  into  a  gas  and  prevent  the  pressure  from  rising 
any  higher.    If  at  any  time  the  pressure  should  rise  above  30+  or  -5  psig, 
insure  that  the  buildup  valve  is  closed  (2) ,  then  slowly  open  the  vent 
valve  (1).    This  will  vent  gas  out  of  the  tank.    When  the  pressure  is 
back  within  the  30f  or  -5  psig  operating  range,  close  the  vent  valve. 

If  pressure  was  to  raise  to  50+  or  -5  psig  the  tank  pressure  relief 
valve  (7)  would  open  and  vent  pressure  automatically.    If  the  pressure 
relief  valve  (7)  malfunctioned  and  didn't  relieve  the  pressure,  the  safety 
disc  would  rupture  and  relieve  the  pressure  in  the  tank. 


(2)  (3) 


1.  Vent  Valve  E  5.  Vent  Line 

2.  Pressure  Buildup  Valve  D  6.  Pressure  Gage 

3.  Fill-Drain  Line  7.  Pressure  Relief  Valve  1 
A.  Pressure  Buildup  Coil 

Figure  11.    Liquid  Oxygen  Cryotainer. 

14 

1407 


Sehut  t!ie  correct  answer  to  the  following  questions. 
The  first  thing  you  should  do  In  the  buildup  stage  is 

a.  open  the  vent  valve • 

b.  close  the  vent  valve. 

c.  purge  the  buildup  coil* 

d.  open  the  bypass  valve. 
Operating  pressures  should  not  exceed 

a.  2^  psl. 

b.  3P  psi. 

c.  35  psi. 

d.  40  psi. 

After  reaching  the  operating  pressure  you  should 

a.  open  the  vent  valve. 

b.  clpse  the  bypass  valve. 

c.  close  the  buildup  valve. 

d.  /disconnect  the  transfer  hose. 

What  would  happen  if  the  pressure  of  a  cryotainer  reached  40  psi? 

a.  The  inner  tank  rupture  disc  would  blow. 

b.  IJo thing  -  40  psi  is  the  normal  operating  pressure. 

c.  The  tank  pressure  relief  valve  would  relieve  excess  pressure. 

d.  Nothing  -  the  pressure  relief  valve  relieves  at  50  +  5  psi. 
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TRANSFER  OPERATION 

Now  let's  talk  about  the  transfer  operation.    The  first  step  in 
transferring  LOX,  is  to  make  sure  that  the  LOX  tank  from  which  you  will 
transfer  (source  tank)  has  enough  LOX  for  the  transfer  operation.  Also 
insure  that  you  have  built  up  enough  pressure  in  the  source  tank  for 
transferring  LOX,    This  procedure  was  talked  about  in  the  last  frame. 
Now  connect  one  end  of  the  transfer  hose  (1)  to. the  fill-drain  line  on 
the  source  tank.    Remove  the  dust  cover  from  the  other  end  of  the  transfer 
hose.    Place  the  open  end  of  the  transfer  hose  ^Into  a  drip  pan^  Slightly 
open  the  fill  and  drain  valve  (2)  on  the  sou. tank.    Allow  a  small 
amount  of  liquid  to  go  into  the  hose,  to  purge  any  dust  or  dirt  out  of 
the  hose.    Close  the  fill  and  drain  valve  on  the  storage  tank. 

Now  you  can  remove  the  dust  cover  from  the  fill  and  drain  line  on 
the  receiving  tank.    Connect  the  transfer  hose  to  the  receiving  tank. 
Place  all  valves  on  the  receiving  tank  in  the  same  positions  described 
under  the  fill  phase  frame* 


(2) 


1.  Transfer  Hose 

2.  Fill-Drain  Valve  C 

Figure  12. 


1.  The  first  step  in  transferring  LOX  is  to 

a.  build  up  pressure. 

b.  clear  out  the  transfer  hose. 

c.  rcake  sure  you  have  enough  LOX. 

d.  remove  the  dust  cap  from  the  transfer  hose. 

2.  What  is  the  position  of  the  valves  when  transferring  LOX? 

a.  Vent  valve  open,  buildup  valve  open,  transfer  valve  open. 

b.  Vent  valve  closed,  buildup  valve  open,  transfer  valve  closed. 

c.  Vent  valve  closed,  buildup  valve  closed,  transfer  valve  closed. 

d.  Vent  valve  closed,  buildup  valve  closed,  transfer  valve  open. 
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At  this  point  you  should  be  familiar  with  the  construction  and 
operation  of  a  cryotainer  system.    It  is  very  important  for  you  to  know 
all  the  components  and  how  they  work.    If  you  are  unsure  of  any 
information  given  in  this  PT,  go  back  and  review  the  frames  covering 
the  information.    If  you  still  !;?ve  questions^  ask  your  instructor  for 
help.    This  concludes  the  PT  on  the  construction  and  operation  of  a 
cryotainer.    See  your  instructor  at  this  time. 
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Frame  1 


Figure  1  shows  a  typical  equipment  setup  for  charging  one-man  and 
multlplace  life  raft  Inflation  cylinders.    It  consists  of  a  motor 
driven  pump,  a  scale,  one  CO,  cylinder,  one  N   cylinder  (both  cylinders 
are  placed  on  the  same  stand?,  dehydrator  filters,  a  gage,  shut-off  valves, 
assorted  metal  hoses  and  adaptors.    This  Is  just  a  basic  setup.  Other 
variations  may  be  used,  but  all  will  have  much  the  same  equipment  as 
shown  in  figure  1. 

NO  RESPONSE  REQUIRED 


I 


I'm 


A 

Cylinder 

N 

Valve 

B 

Valve 

0 

Valve 

C 

CO^  Cylinder 

P 

Gage  (0-3000  PS  I) 

D 

Supply  Hoses 

Q 

Scales 

E 

Dehydrator  Filters 

R 

Cylinder  and  Valve 

F 

Btlt  and  Gear  Coxier 

S 

Adapter 

G 

Puap  Inlet 

T 

Charging  Hose 

H 

Piston  Rod 

U 

Punp  Cranckcafte 

I 

?\sgp  Cylinder 

V 

HDtor 

J 

Cylinder  Head 

W 

Start/Stop  But tone 

R 

Puaip  Outlet 

X 

Power  Cord 

L 

Valve 

Y 

M 

Valve 

1 

V«lv* 

Figure  !• 
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Answers  to  Frame  1:    NO  RESPONSE  REQUIRED 


Frame  2 


The  pump  drive  motor  may  be  a  thtee  phase»  220  VAC  unit  or  a  single 
phase»  115  VAC  unit  of  sufficient  horsepower  to  drtve  the  charging  pump. 
Power  is  transferred  from  the  motor  to  the  pump  by  a  drive  belt.  The 
pump  is  a  ram  type  unit  that  will  pump  onl^y  liquid »  it  will  not  pump  {,as 
of  any  kind.    Since  the  pump  will  pump  only  liquid »  it  is  Important  to 
keep  the  CO^  as  cool/as  possible  in  order  that  more  liquid  will  be 
available  for  cylinder  charging.    The  pumping  equipment  Is  protected  from 
damage  by  a  rupture  disc  or  by  a  spring-loaded  relief  valve  that  will 
relieve  the  system  if  the  pressure  becomes  excessively  high.    The  maximum 
pressure  for  a  specific  pumping  unit  may  be  found  In  the  appllcabl 
technical  order. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above, 

a.     One  requirement  for  the  pump  drive  motor »  regardless  of  its 
power  requirement^  is  that  it  have  sufficient   to 


drive  the 


b. 


CO^,  in  the  storage  cylinder »  must  be  kept  as 


as  possible  because  the  pump  will  not  transfer 


of  any  kind. 


c. 


If  charging  pressure  should  become  excessively  high»  the 


pumping  equipment  Is  protected  from  damage  by  a 


disc 


or  a  spring-loaded 


valve. 
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Answers  to  Frame  2:    a.    horsepower,  pump  cool,  gas 

c.    rupture,  relief 

Frame  3 

Four  shutoff  valves  are  loc^te<}  on  the  charging  control  panel  to 
control  the  flow  of  liquid  and  gas  to) the  cylinder  being  charged.  Valve 
0  controls  the  flow  of       to  the  charging  hose  from  the  supply  cylinder; 
valve  L  controls  the  flow  of  CO^  from  the  charging  pump;  valve  M  is  the 
shutoff  ^valve  to  the  charging  hose  for  both  liquid  and  gas.    Valve  N  is 
a  dump  valve  which  is  uked  to  dump  pressure  fro©  the  supply  hoses  after 
the  cylinder  has  been  charged  and  valves  L  and  0  have  been  closed. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^»     The  purpose  of  the  shutoff  valves  is  to  control  the  flow  of 

liquid  and  gas  that  are  used  to  charge  the  inflation  cylinder. 

 ?•     The  flow  of  liquid  or  gas  into  the  charging  hose  is  controlled 

by  valve  M. 

 After  the  cylinder  has  been  charged,  pressure  is  dumped  from 

the  supply  hoses  by  opening  valve  Z. 
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Answers  to  Frame  3: 


T  1. 


T  2. 


F  3. 


Frame  4 


Dehydrator  filters  E  are  Installed  in  both  the  liquid  and  gas  supply 
hoses  D  from  the  supply  cylinders  A  and  C  to  remove  any  moisture  from  these 
agents  before  they  are  put  into  the  cylinder  R.    One  filter  E  is  installed 
in  the       supply  hose  and  two  are  installed  in  the        supply  hose,  in] series. 
The  hoses,  fittings,  adaptors  and  shutoff  valves  are  of  the  brass,  high 
pressure  type.    The  adaptors  S  are  used  to  connect  the  charging  hose  to  the 
cylinder  R  th&t  is  to  be  charged.    A  gage  P  is  installed  in  the  N2  supply 
hose,  on  the  control  panel,  as  a  means  of  determining  the  quantity  of  N2 
supply.    The  scale  Q  used  to  weigh  the  cylinder  assembly  and  the  and 
CO2  charges  must  be  graduated  to  read  In  hundredths  of  a  pound. 

Complete  the  following  statements  by  writing  in  the  words  from  the  frame 
above. 

a.  Dehydrator  filters  are  installed  in  the  and  

supply  hoses  to  remove   from  these  agents  before  they  are 

put  into  the  cylinder. 

b.  i  nters  are  installed  in  in  the 


COg  supply  hose  and  one  is  installed  in  the  supply  hose. 

c.  A  is  installed  in  the       supply  hose  as  a  means  of 

determining  the  quantity  of  the  supply. 

d.  The  scale  used  to  weigh  the  cylinder  and  the  and 


charges  must  be  graduated  to  read  in 


of  a 


pound. 


The  hoses,  fittings,  adaptors  and 


valves  are  of  the  brass, 


pressure  t3rpe. 
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Answers  to  Frame  4:    a,    ^^2*  ^^2^  moisture        b.  Two,  series^ 

c.    gage,  N2  N^,  CO^f  hundredths 

e.    shutofft  high 

Frame  5 

The  source  of  supply  for  the        is  a  standard  ICC  (Interstate 
Commerce  Commission)  shipping  and  storage  cylinder  C  (Vl^  comes  in  a 
similar  cylinder).    The  COj  cylinder,  when  fully  charged,  contains  50 
pounds  of  CO^.    At  70°F,  12  pounds  of  this  weight  will  be  gas  and  38 
pounds  will  Be, liquid.    The  proportion  of  liquid  will  be  greater  at 
lower  temperatures.    Before  installing  a  naw  cylinder  of  CO^,  determine 
if  the  cylinder  has  a  syphon  tube.    If  the  cylinder  has  a  syphon  tube, 
it  must  be  installed  with  the  valve  up  so  that  the  liquid  may  be  drawn 
off  before  the  gas.    If  the  cylinder  does  not  have  a  syphon  tube,  it 
must  be  installed  with  the  valve  down  so  that  the  liquid  may  be  drawn 
first.    The       cylinder  A  is  always  installed  with  the  valve  up.  Both 
cylinders  must  be  firmly  secured  to  keep  them  from) falling  over. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.  The  shipping  and  storage        cylinder  contains   

pounds  of   when  fully  charged . 

b.  At  70^F,  a  fully  charged         shipping  and  storage  cylinder 

will  contain  pounds  of  liquid  and  pounds  of 

gas. 

c.  At  0°F,  the  weight  of  the  liquid  CO2  in  the  cylinder  will  be 

  (greater,  less)  than  the  weight  of  the  liquid  CO2 

at  70OF. 

d.  If  the  CO2  cylinder  has  a  syphon  ,  it  must  be 

it  stalled  with  the  valve  . 


e.     The  N    cylinder  is  always  instaV^ed  with  the  valve 
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Answers  to  Frame  5:    a*    50 »  CO^        b.    38»  12        c.  greater 

d«    tube»  up       e«  up 

Frame  6 

Before  the  charging  hose  T  id  attached  to  th^  cylinder ^  i£  must  be 
purged  of  air  to  Insure  that  n6  moisture  Is  Injected  Into  the  cylinder 
R  along  with  the  liquid  or  gas.    Tp  purge  the  charging  hose^  th6  valve 
0»  the  charging  ho^e  shutoff  valve  M  and  the  N2  cylinder^  shutoff 
valve  B  must  be  opened  to  allow  ^2       flow  through  the  charging  hose. 
After  the  charging  hose  has  been  purged  ^  ilt  Is  immediately  attached  to 
the  cylinder  R  to  be  charged.    This  prevents  moisture  laden  air  from 
reentering  the  charging  ho^e  to  be  Injected  Into  the  cylinder.  The 
cylinder  and  valve  assembly,  with  the  charging  hose  attached.  Is  placed 
on  the  scale  Q  to  obtain  Itg  empty  weight  reading.    This  Is  used  as  a 
refer^ence  weight  to  determine  what^  the  full  weight  indication  on  the 
scale  shotild  b^  when  th^  specified  potlnds  6f       ah^C02  are  added  during 
the  charging  ope  ation.    The  full  weight  will  be  the  empty  weight  plus 
the  specified  pounds  of  N2  and        to  be  added. 

Mark  the  following  statement  with  a  T  for  True  or  an  F  for  False. 

 ^1.      The  charging  hose  must  be  filled  with  air  before  it  is  attached 

to  the  cylinder. 

 2.     Purging  the  charging  hose  insures  that  no  oxygen  is  injected 

Into  the  cylinder. 

 ^3.     After  the  charging  hose  has  been  purged,  it  is  immediately 

attached  to  the  pump. 

 ^4.      The  cylinder  auJ  valve  assembly,  with  the  charging  hose 

attached,  is  placed  on  the  scale  to  obtain  a  reference  weight. 
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Answers  to  Frame  6:       F    1.        F    2.        F   3.        T  4> 


Frame  7 

Vlhe  charging  equipment  does  not  require  a  great  amount  of 
maintenance.    Before  using  it,  give  it  a  visual  inspection  for 
obvious  defects  and  cleanliness*    Scheduled  inspections,  lubrication 
intervals  and  types  of  lubricants  are  given  in  the  applicable 
technical  order.    The  TO  also  gives  instructions  for  repair  and 
overhaul  of  this  equipment.    The  more  comnon  troubles  encountered  with 
this  equipment  are  also  listed  in  the  TO^along  with  the  remedies 
for  them. 

Complete  the  following  statements  by  writing  in  the  words  from 
the  frame  above. 

a.  Before  operating  the  charging  equipment,  give  it  a   

inspection  for  defects  and  . 

b.  Requirements  for  inspections,  lubrication  intervals  and  types 
of   required  are  given  in  tL«  applicable 


c.     Most  common  and  the  for  them  are  given 

in  the  TO  along  with  instructions  for  and  overhaul. 


Answers  to  Frame  7:    a.    visual »  obvious >  cleanliness 

b*    lubricants 9  TO      c.    troubles »  remedlet  repair 

Frame  8 

All  cylinders  returned  for  charging  are  subjected  to  a  very  thorough 
Inspection  to  Insure  that  they  ai^e  free  from  defects  and  that  they  are 
protected  from  exposure  to  corrosion.    The  specific  Inspection  requirements 
are  given  In  the  applicable  technical  order.    Any  cylinder  that  falls  to 
meet  these  Inspection  requirements  Is  tagged  as  reparable  and  set  aside 
for  further  Inspection  and  repair.    Only  those  cylinders  having  no  defects 
may  be  recharged. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 a.     Before  a  cylinder  Is  recharged »  It  Is  Inspected  to  Insure 

that  It  Is  free  from  defects  and  protected  from  exposure  to 
corrosion. 

 b.     Cylinders  that  fall  to  meet  Inspection  requirements  are  tagged 

as  serviceable  and  set  aside  for  further  use. 

 ^c.     Cylinders  that  have  no  defects  may  be  recharged. 
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Answers  to  Frame  8: 


T  a. 


F  b. 


T  c. 


Frame  9 


General  overhaul  of  multlplace  cylinders  Includes  disassembly, 
cleaning.  Inspection,  repalrland  reassembly  as  directed  by  the 
applicable  technical  order.    The  cylinders  are  hydrostatlcally  tested 
every  five  (5)  years  (quinquennial  test)  at  5/3  the  cylinder  working 
pressure  (Example:    5/3  x  2100  psl  -  3500  psl).    Cylinders  having  an 
outside  diameter  of  less  than  two  Inches  and  a  length  of  less  than 
two  feet  are  exempt  from  the  quinquennial  test. 

Complete  the  following  statements  by  writing  In  the  words  from 
the  frame  above. 

a.  A  hydrostatic  or  quinquennial  test  I'i  not  required  on  the 

one-man  cylinder  because  It  Is  less  than  inches  In 

diameter  and   than   feet  In  length. 

b.  The  hydrostatic  or  quinquennial  test  Is  performed  on  cylinders 


every 


years  at 


the  cylinder  working  pressure • 


c. 


General  overhaul  of  the  multlplace  cylinder  Includes 


disassembly,  cleaning. 


and  reassembly. 


d.     A  cylinder  having  a  working  pressure  of  2400  psl  would  be 


hydrostatlcally  tecicd  *^«lng 


psl. 
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Answers  to  Frame  9:    a,    two,  less,  two        b.    5»  5/3 

c.    inspection »  repair        d«  AOOO 

Frame  10 

The  hydrostatic  or  quinquennial  test  indicates  the  permanent 
volumetric  expansion  of  the  cylinder.    The  test  is  conducted  by  placing 
the  cylinder  in  a  water  Jacket  and  measuring  the  amount  of  water 
displaced  when  the  cylinder  is  pressurized.    Water  is  forced  into  the 
cylinder  under  pressure  to  meet  the  requirements  indicated  in  the  formula 
given  in  frame  9  in  order  to  stretch  the  cylinder.    Internal  water 
pressure  must  be  maintained  for  not  less  than  30  seconds.    After  the 
water  pressure  has  bee  :  released  from  the  cylinder,  the  remaining  permanent 
volumetric  expansion  of  the  cylinder  must  not  exceed  10%  of  the  total 
volumetric  expansion  which  occurred  during  pressurization.    The  date  of 
the  latest  hydrostatic  test  is  stamped  on  the  cylinder  below  the  previous 
date  mark.    Cylinders  that  fail  the  hydrostatic  test  are  made  unserviceable 
by  damaging  the  threads  and  tagging  the  cylinder  CONDSMNED. 

Mark  the  following  statements  wlnh  a  T  for  True  or  an  F  for  False. 

 a.     Permanent  volumetric  e:5:i>A^^.fwn  is  shown  by  the  hydrostatic  test. 

 b.     The  permanent  volumetric  expansion  remaining  after  pressure  has 

been  released  from  the  cylinder  must  not  exceed  15  percent  of  the 
total  volumetric  expansion  which  occurred  during  pressurization. 

 ^c.     Cylinders  that  fail  the  hydrostatic  test  are  made  unserviceable  by 

damaging  the  threads  and  tagging  the  cylinder  as  serviceable. 

 d.     The  date  of  the  hydrostatic  test  is  painted  on  the  cylinder 

below  the  previous  date* 
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Answers  to  Frame  10:       T   a>  F   b*  F    c*        F  d. 


Frame  11 

Before  the  charging  operation  is  begun,  each  cylinder  must  be 
weighed  individually  and  the  weight  checked  against  the  weight  stenciled 
on  the  cylinder.    These  two  weights  should  be  the  same.    If  they  are 
not  the  same,  the  cylinder  must  be  restenciled  with  the  weight  down  on 
the  scale •    Different,  information  is  required  on  the  one-man  than  on  the 
mulfiplace  cylinders,  so  check  the  applicable  TO  before  you  cut  the 
stencil  and  start  spraying  paint.    For  your  information,  this  information 
is  also  included  in  frame  19  of  this  text. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 a*     After  ths  cylinder  has  been  inspected,  it  must  be  wexghed  and 


the  date  checked  against  the  date  stenciled  on  the  cylinder. 

Jb.      If  the  two  weights  are  not  the  same,  the  cylinder  must  be 
restenciled  with  the  weight  shown  on  the  scale. 

c.      The  infonnation  to  be  stenciled  on  the  one-man  cylinder  is 


different  from  the  information  to  be  stenciled  on  the 
multiplace  cylinder. 


14.2G 
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Answers  to  Frame  11:       F    a.  T    h.  T  c. 

Frame  12 

Remember  from  a  previous  text,  that  at  cold  temperatures,  gas 
changes  to  a  liquid.    Consequently,  at  temperatures  below  OF,  the  CO^ 
pressure  in  the  cylinder  will  drop  considerably — possibly  to  the  point 
where  the        will  not  discharge  fast  enough  to  effectively  inflate 
the  life  raft.    For  this  reason,  multiplace  cylinders  are  given  a  charge  \ 
of  dry  nitrogen,        to  serve  as  a  propellent  for  the  charge. 
Nitrogen  pressure  will  remain  high  at  temperatures  as  low  as  -65  F.  The 
amount  of  nitrogen  to  be  addad  to  the  cylinder,  by  weight,  may  be  found 
in  the  applicable  technical  order.    This  information  is  also  included  as 
a  part  of  frame  13  of  this  text. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.  At  low  temperatures,  CO2  tends  to  $  therefore, 

at  O^F,  the  liquid  content  of  the  cylinder  woul.  be  

(  reater,  less)  than  at  a  temperature  of  80  F. 

b.  At  temperati^res  below  0°F,         pressure  .  u  the  cylinder  will 

 considerably  and  may  not  effectively   the 

life  raft. 

c.  For  cold  weather  operation,   is  added  to  the 

cylinder  to  act  as  a  for  the  COg  charge. 

d.  The  pressure  of   will  reuain  high  at 

temperatures  as  low  as  F. 
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Answers  to  Frame  12:    a.    liquefy,  greater         b.    drop,  inflate 

c.    dry,  propellant  d*    Nj,  -65 

Frame  13 

When  charging  the  multiplace  cylinder,  N2  it  first  injected  into 
the  cylinder  as  directed  in  the  applicable  TO.    After  the  specified 
amount  of        by  weight,  has  been  added  to  the  cylinder,  the  CO2,  is 
added.    The       and  CO^  charges  have  specified  weights  which  must  be 
within  the  weight  limits  shown  in  the  technical  order.    The  amount  of 
N2  added  to  the  cylinder  depends  pn  the  capacity  of  the  cylinder  in 
cubic  inches.    Charging  procedures  for  the  one-man  cylinder  are  the  same 
as  for  the  multiplace  cylinder,  except  that  the      charge  is  left  out. 
When  charging  any  inflation  cylinder,  protective  clothing  consisting  of 
gloves  and  a  face  mask  or  goggles  must  be  worn. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 a.     The  amount  of  N2  added  to  a  cylinder  depends  on  the  capacity 

of  the  cylinder  in  cubic  inches. 

 b.     Charging  procedures  for  the  one  man  cylinder  are  the  same  as 

for  the  multiplace  cylinder,  except  that  the  N    charge  is 
left  out  of  the  one-^n  cylinder. 

 c^*     When  charging  any  cylinder,  a  face  mask  or  goggles  and  rubber 

apron  must  be  worn. 
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Answers  to  Frame  13:       T    a»  T    h.  F  c. 

Frame  14 

The        used  to  charge  all  life  raft  cylinders  must  conform  to  Grade 
B,  Type  I  or  II  of  Specification  BB-C-101.    All  CO    used  to  charge  life 
raft  cylinders  is  passed  through  two  dehydrator  filters  connected  into 
.r.e  supply  hose  in  series  before  it  is  injected  into  the  cylinder.  The 
Jt^r.ydrator  filter  cartridges,  to  Insure  continued  drying  action,  must  be 
^placed  whenever  250  pounds  of  CO^  have  passed  through  them. 

Coroj/lete  the  following  statements  by  writing  in  the  words  from 
*.he  fraxue  above. 

All  CO2  used  to  charge  cylinders  is  passed 

Jhrough  dehydrator  filters  connected  into  the  supply  hose 

1-  before  it  is  injected  into  the  cylinder. 

b.     The        used  to  inflate  life  raft  cylinders  is  passed  through 

 dehydrator  filters  to  insure  that  there  is  no  

In  the  CO2  when  it  is  injected  into  the  cylinder. 

To  insure  the  continued  effectiveness  of  the 


f  hirers,  they  must  be  replaced  after  pounds  of 

r.ave  been  passed  through  them. 
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Answers  to  Frame  14:    a.    life   raft,  two,  series      b.    two,  moisture 

c.    dehydrator,  250,  CO^ 


Frame  15 


As  mertioned  in  a  previous  frame,  recharging  procedures  for  the 
multiplace  and  one-man  cylinders  are  generally  the  same     There  are  some 
small  differences,  one  of  which  was  the  omission  of  the  N    charge  from 
the  one-man  cylinder.    Another  difference  is  based  upon  tfie  construction 
of  the  valve  assembly.    On  the  one-man  cylinder,  you  will  find  it 
necessary  to  open  the  valve  before  you  can  charge  the  cylinder  with  CO2. 
The  multiplace  assembly  may  be  charged  without  rotating  the  sheave  to  y 
open  the  valve.    This  is  due  to  the  construction  of  the  valve  assembly, 
which  acts  as  a  check  valve.    Just  hook  it  up  and  its  ready  to  receive 
the  charge. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.     When  charging  the  one-man  cylinder  the   charge  is 


b.  To  charge  the  multiplace  cylinder,  it  is  not  necessary  to 
open  the  because  the  internal  construction  of  the  unit 

acts  as  a   valve. 

c.  The  valve  assembly  on  the  -   cylinder  must 

 before  it  will  accept  a  charge. 
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Answers  to  Frame  15:    a.    N«>  left  out       b.    valve,  check 


c*    one-man »  open 


Frame  16 

r It  may  require  some  practice  on  your  part  before  you  will  be  able 
to  cnarge  a  cylinder  and  get  it  within  the  tolerances  specified  in  the 
technical  order.    The  tendency  is  to  overcharge  the  cylinder.    If  the 
cylinder  is  overcharged t  th^ excess  charge  must  be  removed.    Check  the 
technical  order  for  "bleed  off"  procedures  and  don't  forget  to  install     /O  - 
the  diffuser  plug  before  you  "bleed  off"  the  excess.    By  installing  the 
diffuser  plug,  you  are  protecting  yourself  from  injury  from  the  jet  of 
high  pressure        which  will  be  released  from  the  cylinder  when  you 
open  the  valve.    Don't  forget  your  protective  equipment,  this  is  a  must 
throughout  the  charging  procedure.    In  case  you We  forgotten  what  the 
protective  equipment  is,  put  on  gloves  and  face  mask  or  goggles  during 
all  charging  operations.    Remember  that        abso:;bs  a  great  amount  of 
heat  during  the  evaporation  process  and  can  cause  severe  frostbite  to] 
the  unwary  or  careless  individual. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.     The  diffuser  plug  is  installed  in  the  cylinder  charge/ 
discharge  port  to  prevent   from  the  jet  of  escaping  high 


pressure 


b.      Caution  must  be  exercised  d'rring  the  bleed  off  operation  because 
CO^  absorbs  a  great  amount  of  and  can  cause  severe 


c.      If  a  cylinder  i3  overcharged,  the  excess  must  be  _ 
off  in  accordance  vith  procedures  outlined  in  the  applicable 


d.     Protective  equipment  consisting  of   and  a  _ 

 or  must  be  worn  during  all  charging 


operations. 
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Answers  to  Frame  16:    a.    injury,  CO^      b.    heat,  frostbite 

c.    bled,  technical  order       d.    gloves,  face  mask, 

goggles 

Frame  17 

After  charging  the  cylinder,  the  charging  hose  T  must  be  disconnected 
to  permit  the  attachment  of  another  cylinder  to  the  charging  equipment. 
First,  insure  that  the       and  CO^  control  valves  are  closed.    Open  valve 
N  to  bleed  off  or  DUMP  pressure  troa  the  supply  hoses.    The  charging  hosa 
may  be  cleared  at  this  time  by  opening  valve  M  and  releasing  the  pressure 
through  ^alve  N.    First,  insure  that  the  valve  on  the  inflation  cylinders 
is  in  the  closed  position,    O.K.,  now  slowly  loosen  the  adaptors  between  ' 
the  charging  hose  and  the  cylinder,  just  in  case  there's  still  some 
pressure  and  liquid  left  in  the  charging  hose.    After  all  pressure  has  been 
released  from  the  lines,  and  the  cylinder  disconnected,  close  all  valves 
to  keep  moisture  from  entering  the  system. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.  After  the  cylinder  has  been  charged  and  disconnected  from  the 
charging  hose,  the  charging  hose  must  be  plugged  and  all  valves  must  be 

  to  prevent  ^  from  entering  the  system. 

b.  The  charging  unit  supply  hoses  are  depressurized  by   

valve  • 

c.  When  disconnecting  the  charging  hose  from  the  cylinder,  the 
adaptor  should  be  loosened    as  a  safety  precaution. 

d.  Before  opening  valve  N,  insure  that  the  valve 

and  the   valve  have  been  
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Answers  to  Frame  17:    a«    closed >  moisture      b.  opening,  N 

c.    slowly       d.    N^,  CO^,  closed 


Frame  18 


After  the  fully  charged  cylinder  has  been  removed  from  the  charging 
unit,  two  leakage  checks  must  be  performed.    The  first  is  a\ water  tank 
check  performed  under  reflected  light.    The  cylinder  i^^  submerged  in  a 
tank  of  water  for  30  !ninutes  and  observed  fcr  bubbles  rising  to  the      f  ^  ' 
surface  of  the  water.    If  there  are  Indications  of  leakage  during- this 
test,  the  point  of  leakage  must  be  located  and  corrected.    The  cylinder 
must  then  be  recharged  and  another  leakage  test  performed.    If  no  leakage 
is  evident,  the  cylinder  is  stored  for  a  period  of  24  hours,  as  specific  i 
in  the  applicable  TO.    At  the  end  of  the  24  hour  storage  period  the 
cylinder  is  reweighed.    The  allowable  weight  loss  for  the  one-man  cylinder 
is  1/lOOth  of  the  weight  of  the  CO^  charge  Immc^Jliately  after  charging. 
For  the  multlplace  cylinder  the  allowable  weight  loss  is  1/lOOth  of  a 
pound  ln^24  hours*    When  both  of  these  checks  have  been  satisfied,  the 
cylinder  is  considered  to  be  serviceable. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False* 

 a.     Leakage  from  a  recharged  cylinder  during  the  water  tank  test 

is  indicated  by  dye  rising  to  the  surface  of  the  water. 

 b.     During  the  water  tank  leakage  check,  the  cylinder  is  submerged 

in  the  dye  tank  for  a  period  of  30  minutes* 

 ^c.      It  requires  24  hours  to  perform  a  valid  weight  loss  check  of  the 

cylinder  contents. 

 d.      If,  during  the  water  tank  leakage  check,  bubbles  are  seen 

rising  to  the  surface  of  the  water,  the  point  of  leakage  must 
be  located  and  the  leak  repaired  and  the  cylinder  recharged. 


Answers  to  Frame  18:       F    a.  F   b.     _Tc.        T  d. 


Frame  19 

After  the  cylinder  has  been  charged,  leak  tested  and  reweighed,  it 
must  be  stenciled  with  specific  information  to  identify  the  cylinder,  its 
contents  and  the  date  that  it  was  charged.    This  information  is  stenciled 
on  the  cylinder  using  black  stencil  ink  or  black  lacquer.    One-fourth  inch 
letters  are  used  for  the  one-man  cylinder  and  one-half  inch  letters  for  the 
multlplace  cylinder.    Stencils  will  be  cut  to  include  the  information 
listed  below.    Look  this  Information  over  closely  so  that  you  will  know 
what  is  to  be  put  on  the  cylinder.    Always  check  this  in  the  TO. 

ONE-MAN  CYL  MULTIPLACE  CYLINDER 

CYL  AND  VALVE  ASSY  CYLINDER  AND  VALVE  ASSY 

TYPE  FLU  2/P  PART  NO.   


WT  EMPTY  1.55  LBS  WT  EMPTY  (includes  complete 

valve  assy  and  atchc) 

WT  CO^  0.50  LBS 

WT  CO^  (enter  nominal  charge) 

TOTAL  WT  2>05  LBS 

Vrr  N^  and  CO^  LBS  (enter  actual 

DATE  RECHARGED  1  SEP  70  weight) 

2100  PSI  147.63KG/CM2  WT  TOTAL  LBS 

DATE  CHARGED 


FLEXIBLE  SYPHON  TUBE 
U.S.  PROPERTY 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a*     The  multiplace  cylinder  is  stenciled  using  inch  letters 

and  ink  or  black  • 

b.      The  one'-man  cylinder  is  stenciled  using   inch  letters 

and  ink  or  black  * 

c*     The  information  stenciled  on  the  cylinder  should  identify  the 
cylinder,  its  and  the   it  was  charged. 


Answers  to  Frame  19:    a.    1/2,  black,  stencil^  lacquer 

b.    1/4,  black,  lacquer       c.    weight,  date 
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OBJECTIVES 


Using  tools,  applicable  TOs,  and  workbook,  inspect  the  valve  head 
assemblies  and  cylinders*    Locate  a  minimum  of  four  discrepancies* 


[This  programmed  test  is  presented  in  small  steps  called    "Frames."  The 
material  contained  herein  will  support  lessoi.  ^'^lectives  given  in  lecture 
form  by  the  instructor  or  objectives  covered  during  lab  work.    At  the  end 
of  some  of  the  frames  you  may  be  asked  to  complete  the  statements  that  are 
TRUE.    Read  the  information  in  the  frames  carefully  then  select  the 
statements  that  are  TRUE.    If  you  are  correct  proceed  to  the  next  frame. 
The  answers  will  be  given  on  the  following  page.    If  you  are  wrong  or  in 
dcubt,  restudy  the  information  until  you  correctly  identify  the  TRUE 
statements.  -  ^ 
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Frame  1 


You  aust  Inspect  all  Inflation  assemblies  returned  for  recharging* 
Check  first  to  see  that  there  Is  no  rust  on  the  cylinder,  that  there  are 
no  dents,  and  that  the  paint  covering  Is  In  good  condition.    Also,  check 
for  broken  or  raveling  wire  windings.    Tag  any  cylinders  falling  the 
above  Inspections  asj repairable. 

Select  the  statements  that  are  TRUE. 

 lo     You  receive  a  cylinder  for  recharging.    The  first  thing  you  do 

to  start  recharging  the  cylinder. 

 2.     You  should  Inspect  all  cylinders  before  recharging  them. 

 3.     Any  cylinder  falling  the  Initial  Inspection  should  be  tagged 

repairable. 


1437 


Answers  to  Frame  1;        F  K 


Frame  7 

Make  certain  that  the  cylinder  is  completely  discharged  BEFORE 
attempting  disassembly.  To  discharge  a  cylinder,  secure  it  in  a  chain 
vice,  or  other  clamping  device  and  discharge  its  contents  into  an  open  o 
ventilated  area.    Disassembly  of  the  control  valve,  cleaning,  inspection 
repair  or  replacement  of  parts,  and  reassembly  are  very  much  like  work 
done  on  similar  equipment.    Be  sure  to  follow  procedures  given  in 
TO  14S-1-102  vrlien  you  rework  a  control  valve. 


NO  RESPONSE  NECESSARY 


Fraae  3 

When  temoving  the  control  valve,  you  should  examine  the  poppet  valve 
for  scratches,  dents,  burrs,  or  particles  lodged  under  the  seat* 
Defective  poppet  assenblies  must  be  replaced. 

KO  RESPONSE  NECESSARY 
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J' 


Frame  4 


cvll^ir%       I  ^^^''^       removed,  inspect  the  interior  of  the 

cylinder  to  make  certain  that  the  phosphate  coating  is  st^ill  intact 

taa\r  "  do^raboui  tie  inferior 

tag  the  cylinder  for  overhaul.     If  there  are  no  defects,  Lrthe 

t«il^n%'  ^  °^  thread  compound  or 

teflon  tape  or  its  equivalent,    install  a  new  gasket  and  scr^w  th^ 

olZ  .  "I  Z  *  -hain  Vise  or  other  suitable 

NO  RESPONSE  NECESSARY 
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Frame  5 


An  inflation  cylinder  or  assembly  needing  overhaul  requires  further 
inspection.    Remove  the  control  valve  if  it  has  not  already  been  removed. 
Remember  to  bleed  off  any  pressure  that  may  be  in  the  cylinder  before 
removal  of  the  control  valve*  Then,  inspect  the  cylinder  carefully,  both 
internally  and  externally,  for  d^uonage  or  corrosion •    Make  sure  that  the 
threads  on  the  control  valve  and  the  cylinder  are  in  good  condition • 

NO  RESPONSE  NECESSARY 
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Fraune  6 


Condemn  welded-type  cylinders  that  have  extensive  scratches,  dents, 
or  other  that  weaken  thera  to  the  extent  that  they  are  unsafe  for  use 
under  high  pressure^    Condemned  cylinders  of  any  type  should  further  be 
made  unusable  by  damaging  the  threads.    These  cylinders  should  then  be 
tagged  as  condemned.    The  only  procedure  that  can  really  be  called  repair 
to  a  cylinder  is  refacing  the  seating  surface  for  the  control  valve  if  it 
has  become  rough  or  pitted. 

Select  the  statements  that  are  TRUE. 

 Wclded-type  cylinders  that  have  alot  of  dents  and  scratches  should  be 

repaird. 

 ^2.      To  further  condemn  a  cylinder,  you  should  damage  the  threads. 

 3.      Condemned  cylinders  should  be  tagged  as  condemned. 
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Answers  to  Frame  6:        F    1 .    _T_2.       t  3, 

Frame  7 

For  con^lete  inspection  and  overhaul  requirements ,  you  should  always 
follow  the  instructions  as  outlined  in  the  applicable  technical  order. 
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Envlronraenr.al  Pneudraulics  Branch 

Chanute  AFB,  Illinois  C3ABR42331-SG-405 

2  August  1984 

LIFE  RAFT  INFLATION  EQUIPMENT 

OBJECTIVE 

State  general  principles  relating  to  the  operation  of  life  raft 
inflation  equipment.    A  minimum  of  four  out  of  five  must  he  correct. 

INSTRUCTIONS 

The  information  contained  in  this  study  guide  was  designed  to 
supplement  the  lesson  given  by  the  instructor.    This  material  can  be  used 
to  study  for  the  measurement  test  or  to  complete  the  progress  check  for 
the  particular  objective. 

INTRODUCTION 

Our  career  field  is  not  responsible  for  the  maintenance  of  life 
rafts,  but  we  do  have  the  responsibility  of  servicing,  inspecting, 
overhauling,  and  recharging  all  life  raft  inflation  equipment.  For 
this  reason,  it  is  necessary  for  you  to  know  the  means  by  which  these 
life  rafts  are  inflated. 

CYLINDERS 

High  pressure  carbon  dioxide  (CO2)  cylinders  are  used  for  the 

inflation  of  all  life  rafts.    The  cylinders  are  built  to  carry  a 
maximum  charge  of  21U0  psi.    Because  of  the  hign  pressure  to  wnich 
they  are  subjected,  all  life  raft  cylinders  except  those  having  an 
outside  diameter  of  less  than  two  inches  and  a  length  of  less  than 
two  feet,  must  undergo  a  hydrostatic  test  once  every  five  (5)  years. 
This  test  is  used  to  find  out  whether  or  not  corrosion,  metal  fatigue, 
rough  handling,  or  other  causes  may  have  weakened  the  cylinders  to  a 
point  where  they  are  no  longer  safe  for  further  use. 


Supersedes  ST  C3ABR42331-SG-405,  23  March  1984. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 

Designe/J  for  A'CC  Coursri  Dsp.     Do  N'ot  Use  on  the  Job. 
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ONE-MAN  LIFE  RAFT  CYLINDERS 

The  first  type  of  life-raft  cylinder  we  will  discuss  is  the  one- 
m«n  life  raft  cylinder.    There  are  two  types  approved  for  use.  They 
Te  siL  be  ow!    Both  assemblies  use  the  .ame  valve  head    but  type 
mi  l/Hses  a  heavy  forged  steel  cylinder.    While  type  FLU  .-A/P 
u^e^  .  lirht  wei;h7alun.fnun.  welded  cylinder.    They  both  contain  the 

Liint  of  C02  by  weight  even  though  they  are  different  in  length. 
These  cylinders  do  not  require  a  hydrostatic  test.  •  V» 


Figure  1.    Dne-Man  Cylinders. 


ONE-MAN  CYLINDER  OPERATION 


Refer  to  figure  2  while  we  discuss  the  operation  of  the  valve  that 
is  used  on  the  one-man  life  raft  cylinders.    The  valve  assembly  is  made 
for  rapid  flow  and  always  has  a  safety  rupture  disc.    A  round  ball  (not 
shown)  on  the  inner  end  of  the  cable  assembly  (A)  is  engaged  in  the 
slot  In  the  rotating  cam  (0).    The  ball  is  engaged  in  the  slot  by 
raising  a  small  locking  spring  in  the  slot  (M) ,  then  sliding  the  locking 
sleeve  (N)  down  to  expose  the  cam,  and  then  positioning  the  cable  and 
ball  assembly.    When  the  cable  (A)  i.  pulled,  the  cam  rotates  and  pushes 
down  on  the  check  (I)  which  is  normally  held  against  its  seat  by  the 
spSng  (J)  and  CO2  pressure  within  the  cylinder.    The  CO2  now  floods  out 
the  charge/discharge  port  (L)  into  the  life  raft.    If  the  pressure  in 
the  cylinder  should  become  dangerously  high,  it  will  break  the  rupture 
disc  (C)  and  the  CO2  will  go  out  through  the  holes  in  the  insert  (D) 
and  out  through  the  vent  holes  (F)  in  the  valve  body  to  the  atmosphere 
?Se  diffuser  plug  (K)  is  installed  at  all  times  except  when  the  assembly 
if beinrrecharged  or  is  actually  at'ached  to  the  life  raft.    The  Purpose 
of  the  diffuser  plug  is  to  prevent  a  pinwheel  action  of  the  cylinder 
resulting  from  the  jet  effect  of  the  escaping  gas  if  the  cylinder  is 
discharged. 


2 
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A  -  Cable  &  Ball  Assy. 
B  -  Cylinder  Adapter. 
C  -  Rupture  Disc. 
D  -  Insert. 
E  -  Plug. 

F  -  Ruptuer  Gas  Vent. 
G  -  Valve  Assy. 
H  -  Cylinder. 
I  -  Check  (Poppet  Valve) . 
J  -  Spring. 
K  -  Diffuser  Plug. 
L  -  Charge/Discharge  Port 
M  -  Slot. 

N  -  Locking  Sleeve. 
0  -  Cam. 


422XM0 


Figure  2.    One-Man  Assembly. 
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MULTI-PLACE  CYLINDER 


The  next  cylinder  we  will  discuss  is  the  multi-place  cylinder. 
Multi-place  life  raft  cylinders  are  used  with  life  rafts  carrying 
two  or  more  men.    All  multi-place  life  raft  cylinders  are  wound  with 
wire  to  give  them  added  strength  and  to  make  them  shatter  resistant 
when  they  are  struck  by  gunfire. 


OPERATION  OF  MULTI--PLACE  CYLINDERS 

Refer  to  figure  3  while  we  discuss  the  operation  of  the  valve  that 
is  used  on  the  multi-place  life  raft  cylinders,    \flien  the  pull  cable  (M) 
is  pulled  to  discharge  the  cylinder,  it  rotates  a  sheave  (D) .    A  hole 
in  the  sheave  fits  over  a  pin  that  is  located  on  a  cam  that  is  below 
the  sheave.    The  rotation  of  the  cam  depresses  a  lever  arm  ^rhich  contacts 
the  end  of  the  poppet  valve  (I)  and  pushes  it  down.    This  unseats  the  poppet 
valve.    With  the  poppet  valve  unseated,  the  gas  rushes  out  through  the 
charge/discharge  port  (C)  and  inflates  the  life  raft.    When  the  cylinder 
is  charged,  the  spring  (J)  and  gas  pressure  hold  the  poppet  valve  (I) 
closed.    Notice  that  this  cylinder  has  a  syphon  tube  (K)  to  insure  that 
the  liquid  CO2  is  discharged  as  well  as  the  gas. 


Depending  on  the  angle  that  the  cylinder  is  to  be  installed,  the 
pull  cable  can  be  rigged  in  either  the  DOWN  PULL  position,  as  shown 
in  figure  4,  or  ir  the  UP  PULL  position  by  reversing  the  positions  of 
the  cable  housing  (N)  and  the  plug  assembly  (A)  as  shown  in  figure  3. 
The  ball  on  the  end  of  the  cable  must  be  engaged  in  the  proper  recess 
on  the  sheave  marked  DOWN  PULL  or  UP  PULL»    As  long  as  the  control 
cable  has  not  been  pulled  to  discharge  the  cylinder,  a  green  dot  on 
the  sheave  shows  through  the  window  in  the  sheave  cover  plate,  as 
indicated  in  figure  4.    When  the  cylinder  is  charged  and  rigged  for  use, 
a  lead  seal  is  placed  on  the  safety  wire  which  passes  through  two  holes 
in  the  sheave  cover  plate  and  is  twisted  around  a  cover  hold-down  screw 
(figure  4).    Once  the  cable  is  pulled  and  the  sheave  rotated  to  discharge 
the  cylinder,  it  cannot  be  reset  without  breaking  the  seal  and  removing 
the  cover  plate.    Items  0,  P,  and  Q  in  figure  3  are  the  rupture  disc, 
insert,  and  plug  which  allows  the  gas  to  escape  if  the  cylinder  pressure 
should  become  dangerously  high. 


A  -  Plug. 
B  -  Deflector. 
C  -  Charge/Discharge  Port. 
D  -  Sheave. 
E  -  Cover  Plate. 
F  -  Screw. 

G  -  Sealing  Wire  Seal. 
H  -  Sealing  Wire. 
I  -  Poppet  Valve. 
J  -  Poppet  Spring. 
K  -  Syphon  Tube. 
L  -  Cylinder. 
M  -  Cable  Assy. 
N  -  Cable  Housing. 
0  -  Safety  Disc. 
P  -  Insert. 
Q  -  Plug. 
R  -  Body. 


Figure  3.    Multi-place  Assembly. 
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WINDOW 


422X1-15 

Figure  4.    Multlplace  Control  Head# 


When  servicing  multi-place  life  raft  cylinders,  a  charge  of 
dry  nitrogen  (N2)  Is  added  to  help  expel  the  CO2  at  low  temperatures. 
We  will  go  Into  servicing  life  raft  cylinders  in  more  detail  In 
WB-405. 
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EnvironToental  Pneudraullcs  Branch 

Chanute  AFB,  Illinois  C3ABR42331-SG-405 

2  August  1984 

LIFE  RAFT  INFLATION  EQUIPMENT 

OBJECTIVE 

State  general  principles  relating  to  the  operation  of  life  raft 
inflation  equipment.    A  minimum  of  four  out  of  five  must  be  correct. 

INSTRUCTIONS 

The  information  contained  in  this  study  guide  was  designed  to 
supplement  the  lesson  given  by  the  instructor.    This  material  can  be  used 
to  study  for  the  measurement  test  or  to  complete  the  progress  check  for 
the  particular  objective* 

INTRODUCTION 


Our  career  field  is  not  responsible  for  the  maintenance  of  life 
rafts,  but  we  do  have  the  responsibility  of  servicing,  inspecting ^ 
overhauling,  and  recharging  all  life  raft  inflation  equipment.  For 
this  reason,  it  is  necessary  for  you  to  know  the  means  by  which  these 
life  rafts  are  inflated. 


CYLINDERS 

High  pressure  carbon  dioxide  (CO2)  cylinders  are  used  for  the 

inflation  of  all  life  rafts.    The  cylinders  are  built  to  carry  a 
maximum  charge  of  2100  psl.    Because  oJc  the  high  pressure  to  wnich 
they  are  subjected,  all  life  raft  cylinders  except  those  having  an 
outside  diameter  of  less  than  two  inches  and  a  length  of  less  than 
two  feet,  must  undergo  a  hydrostatic  test  once  every  five  (5)  years. 
This  test  is  used  to  find  out  whether  or  not  corrosion,  metal  fatigue, 
rough  handling,  or  other  causes  may  have  weakened  the  cylinders  to  a 
point  where  they  are  no  longer  safe  for  further  use. 


Supersedes  ST  C3ABR42331-SG-405,  23  March  1984, 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  DAV  -  1 

Designed  for  AVr:  Coursd  :)se>    Do  Not  Use  on  the  Job. 
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ONE-MAN  LIFE  RAFT  CYLINDERS 

The  first  type  of  life-raft  cylinder  we  will  discuss  is  the  one- 
man  life  raft  cylinder •    There  are  two  types  approved  for  use.  They 
are  shoxm  below^    Both  assemblies  use  the  same  valve  head,  but  type 
FLU  2/P  uses  a  heavy  forged  steel  cylinder*    U^ile  type  FLU  2-A/P 
uses  a  lip,ht  weight  aluminum  welded  cylinder.    They  both  contain  the 
same  amount  of  CO2  by  weight  even  though  they  are  different  in  length. 
These  cylinders  do  not  require  a  hydrostatic  test. 


riu  2/F 


Figure  1.    One-Man  Cylinders, 


ONE-MAN  CYLINDER  OPERATION 


Refer  to  figure  2  while  we  discuss  the  operation  of  the  valve  that 
is  used  on  the  one-man  life  raft  cylinders.     The  valve  assembly  is  made 
for  rapid  flow  and  always  has  a  safety  rupture  disc,    A  round  ball  (not 
shown)  on  the  inner  end  of  the  cable  assembly  (A)  is  engaged  in  the 
slot  in  the  rotating  cam  (0).     The  ball  is  engaged  in  the  slot  by 
raising  a  small  locking  spring  in  the  slot  (M) ,  then  sliding  the  locking 
sleeve  (N)  down  to  expose  the  cam,  and  then  positioning  the  cable  and 
ball  assembly.    When  the  cable  (A)  is  pulled,  the  cam  rotates  and  pushes 
down  on  the  check  (I)  which  is  normally  held  against  its  seat  by  the 
spring  (J)  and  CO2  pressure  within  the  cylinder.    The  CO2  now  floods  out 
the  charge/discharge  port  (L)  into  the  life  raft.    If  the  pressure  in 
the  cylinder  should  become  dangerously  high,  it  will  break  the  rupture 
disc  (C)  and  the  CO2  will  go  out  through  the  holes  in  the  insert  (D) 
and  out  through  the  vent  holes  (F)  in  the  valve  body  to  the  atmcsphere. 
The  diffuser  plup  (K)  is  installed  at  all  times  except  when  the  assembly 
is  being  recharged  or  is  actually  attached  to  the  life  raft.    The  purpose 
of  the  diffuser  plug  is  to  prevent  a  pinwheel  action  of  the  cylinder 
resulting  from  the  jet  effect  of  the  escaping  ras  if  the  cylinder  is 
discharged. 
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A 

Cable  &  Ball  Assy. 

B 

Cylinder  Adapter. 

C 

Rupture  Disc. 

D 

Insert. 

E 

Plug. 

F 

Ruptuer  Gas  Vent. 

G 

Valve  Assy. 

H 

Cylinder . 

I 

Check  (Poppet  Valve) . 

J 

Spring. 

K 

Diffuser  Plug. 

L 

Charge/Discharge  Port. 

M 

Slot. 

N 

Locking  Sleeve. 

0 

Cam. 

Figure  2.    One-Man  Assembly. 
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MULTI-PLACE  CYLINDER 


The  next  cylinder  we  will  discuss  is  the  mult,-l-place  cylinder ♦ 
Multi-place  life  raft  cylinders  are  used  with  life  rafts  carrying 
two  or  more  men.    All  multi-place  life  raft  cylinders  are  wound  with 
wire  to  give  them  added  strength  and  to  make  them  shatter  resistant 
when  they  are  struck  by  gunfire. 


OPERATION  OF  MULTI-PLACE  CYLINDERS 

Refer  to  figure  3  while  we  discuss  the  operation  of  the  valve  that 
is  used  on  the  multi-place  life  raft  cylinders.    When  the  pull  cable  (M) 
is  pulled  to  discharge  the  cylinder,  it  rotates  a  sheave  (D) .    A  hole 
in  the  sheave  fits  over  a  pin  that  is  located  on  a  cam  that  is  below 
the  sheave.    The  rotation  of  the  cam  depresses  a  lever  arm  which  contacts 
the  end  of  the  poppet  valve  (I)  and  pushes  it  down.    This  unseats  the  poppet 
valve.    With  the  poppet  valve  unseated    the  gas  rushes  out  through  the 
charge/discharge  port  (C)  and  inflates  the  life  raft.    When  the  cylinder 
is  charged,  the  spring  (J)  and  gas  pres.'^ure  hold  the  poppet  valve  (I) 
closed.    Notice  that  this  cylinder  has  a  syphon  tube  (K)  to  insure  that 
the  liquid  CO2  is  discharged  as  well  as  the  gas. 


Depending  on  the  angle  that  the  cylinder  is  to  be  installed,  the 
pull  cable  can  be  rigged  in  either  the  DOWN  PULL  position,  as  shown 
in  figure  4,  or  in  the  UP  PULL  position  by  reversing  the  positions  of 
the  cable  housing  (N)  and  the  plug  assembly  (A)  as  shown  in  figure  3. 
The  ball  on  the  end  of  the  cable  must  be  engaged  in  the  proper  recess 
on  the  sheave  marked  DOWN  PULL  or  UP  PULL.    As  long  as  the  control 
cable  has  not  been  pulled  to  discharge  the  cylinder,  a  green  dot  on 
the  sheave  shows  through  the  window  in  the  sheave  cover  plate,  as 
indicated  in  figure  4.    When  the  cylinder  is  charged  and  rigged  for  use, 
a  lead  seal  is  placed  on  the  safety  wire  which  passes  through  two  holes 
in  the  sheave  cover  plate  and  is  twisted  around  a  cover  hold-down  screw 
(figure  4).    Once  the  cable  is  pulled  and  the  sheave  rotated  to  discharge 
the  cylinder,  it  cannot  be  reset  without  breaking  the  seal  and  removing 
the  cover  plate.    Items  0,  P,  and  Q  in  figure  3  are  the  rupture  disc, 
insert,  and  plug  which  allows  the  gas  to  escape  if  the  cylinder  pressure 
should  become  dangerously  high. 


A  -  Plug. 

B  -  Deflector. 

C  -  Charge /Discharge  For 

D  -  Sheave. 

E  -  Cover  Plate. 

F  -  Screw. 

G  -  Sealing  Wire  Seal, 
H  -  Sealing  Wire. 
I  -  Poppet  Valve. 
J  -  Poppet  Spring. 
K  -  Syphon  Tube. 
L  -  Cylinder, 
M  -  Cable  Assy. 
N  -  Cable  Housing. 
0  -  Safety  Disc. 
P  -  Insert. 
Q  -  Plug. 
R  -  Body. 


Figure  3.    Multi-place  Assembly. 
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WINDOW 
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Figure  4.    Multiplace  Control  Head. 


When  servicing  multi-place  life  raft  cylinders,  a  charge  of 
dry  nitrogen  (N2)  is  added  to  help  expel  the  CO2  at  low  temperatures 
We  will  go  into  servicing  life  raft  cylinders  in  more  detail  in 
WB-405. 
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Environmental  Pneudraullc  Branch 
Chanute  AFB,  Illinois 


SERVICE  TEST 
C3ABR42331-WB-405 


ISNPECTION,  OVERHAUL,  AND  RECHARGING  LIFE  RAFT  CYLINDERS 
OBJECTIVES 

1.  Using  tools,  applicable  TOs,  and  workbook,  Inspect  the  valve 
head  assemblies  and  cylinders.    A  maximum  of  two  Instructor  assists  are 
allowed •    Apply  safety  precautions  without  error. 

2.  Using  the  life  raft  inflation  cylinder  recharging  equipment, 
scales,  tools,  applicable  TOs,  workbook,  and  working  in  a  group  of  not 
more  than  two  students,  service  a  life  raft  cylinder  lAW  TO  tolerances 
and  discharge  cylinder  safely.    A  maximum  of  three  instructor  assists  are 
allowed.    Apply  safety  precautions  without  error* 

EQUIPMENT 

Recharging  unit,  carbon  dioxide 
Scale,  dial  and  beam  indicating 
Life  raft  inflation  cylinder 
Handtools 

PROCEDURE 

Obtain  a  one-man  and  a  multiplace  life  raft  cylinder  from  your 
Instructor.    Inspect  the  life  raft  cylinders  using  TO  14S-1-102  and 
workbook.    Read  Section  2-2,  pages  2-17  thru  2-23,  and  para  2-50  thru  2-51 
in  TO  then  use  workbook  and  inspect  the  cylinders. 

Section  I.     INSPECTION  AND  OVERHAUL  OF  ONE-MAN  LIFE  RAFT 
INFLATION  CYLINDER  ASSEMBLY 

1.      Using  the  one-man  life  raft  cylinder  provided  (type  FLU-2A/P 
or  FLU-2/P) ,  visually  inspect  the  cylinder  for  the  following  conditions: 

a.  Rust  on  the  cylinder  (none  allowed). 

b.  Excessive  dents  in  the  cylinder  (none  allowed). 

c.  Condition  of  the  paint. 


OPR:  3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  200;  DAV  -  1 
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1  Qylinder 

2  Valve  as^^y 

3  Locking  Sleeve 

4  Cable  asay 

5  Qylinder  Adapter 

6  Adapter 

7  Diffuser  Plug 

8  Screw 

9  Pliag  1 

10  Diffuser  Insert 

11  Safety  Disc 

12  Safety  Disc  Washer 
15  rheck  (Poppet  Valve) 

14  opring 

15  Retainer 

16  Retaining  Ring 

17  Gasket 


Figure  t   Inflation  Assembly  (Bendix) 
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List  any  defects  discovered: 


2.      Note  figure  2.  Remove  cylinder  adapter  (5,  figure  1)  insert  the  end 
of  a  small  paper  clip  in  the  slot  in  the  side  of  the  locking  sleeve  (3,  figure  1) 
and  push  the  sprine  slip  lock  to  release  the  locking  sleeve. 


Figure  2.    Releasing  Spring  on  Locking  Sleeve. 

3*      Lower  the  locking  sleeve  and  remove  the  cable  and  ball  assembly 
(4,  figure  1). 

4.  Inspect  the  locking  sleeve  for  nicks  and  for  free  up  and  down 
movement. 

5.  Inspect  the  cable  assembly  for  fraying  and  a  loosened  ball  on  the 
end  of  the  cable.    List  any  defects  discovered: 


6,      Note  figure  3.    Insert  the  metal  rod  provided  into  the  cable  ball 
hole  of  the  cam  and  operate  the  cam  to  open  the  valve • 


U459 


Figure  3.    Operating  Cam  with  tfetal  Rod. 


Note:    A  charged  cylinder  can  be  discharged  in  this  tnanner,  or  if  the 
cylinder  is  overcharged  during  the  charging  operation,  the  metal  rod 
is  used  to  "bleed  down"  the  cylinder  to  the  proper  weight  in  the  event 
of  an  overcharge.    The  cam  is  also  placed  in  this  open  position  for 
charging  the  cylinder  with  C02*    Be  sure  dlffuser  plug  is  installed 
after  cylinder  is  properly  charged  with  CO^. 


7.  Using  the  metal  rod,  operate  the  cam  to  the  reset  position. 

8.  Replace  the  cable  and  ball  assembly  and  ralee  the  locking  sleeve 
to  the  locked  position. 

Section  II 

INSPECTION  AND  OVERHAUL  OF  MULTIPLACE  LIFE  RAFT  INFLATION  CYLINDER  ASSEMBLY 
Refer  to  Figure  4  for  an  Illustrated  breakdown  of  the  cylinder  assembly. 
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1  cylinder 

2  ^phon  'Unbe 

3  Cable  assy 

4  Cable  Housing' 

5  Poppet  Valve  Spring 
7  Poppet  Valve 
9  Cover  Plate 

10  Screw 

11  V/asher 

12  Sealing  Wire 

13  Se.aling  I7ire  Seal 

14  Sheave 

15  Sheave  Screw 

16  Cam  assy 

17  Cam  Pollo\^er  assy 

18  Cam  Arm  Pivot  Screw 

19  Cam  Follower  Spring 

20  Safety  Outlet  Plug 

21  Safety  Outlet  Insert 

22  Safety  Outlet  Disc 
24  Plug  assy 

26  Def lector(i)iffuser  Plug) 
28  Valve  Body  


Figure  4.    Cylinder  and  Valve  Assembly,  Part  Number  55C3689i 
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1.  Using  the -cylinder  assembly  provided,  remove  the  cover  plate  (9) 
from  the  valve  assembly  by  removing  the  two  screws  (10)  and  washers  (11). 

2.  Disengage  the  cable  assembly  (3)  from  the  sheave  (14)  and  remove 
the  sheave  by  removing  the  screw  (15)  which  holds  it  in  place* 

3*      Perform  the  following  visual  inspections  of  parts  ranoved: 

a*      Surfaces  of  valve  parts  for  scratches,  scoring,  or  dirt. 

b.      Cover  plate  for  loose  rivets  or  damaged  window. 

c«      Sheave  for  burrs,  cracks,  or  damage  that  would  cause  a  mal- 
function. 

d.      Cable  assembly  for  fraying  and  that  the  ball  on  the  end  of  the 
cable  is  secure. 

List  any  defects  discovered: 


4*      Install  the  sheave,  engaging  the  pin  on  the  cam  (16)  into  the  hole 
in  the  sheave. 


5,  Install  the  sheave  retaining  screw* 

6.  Rotate  the  sheave  to  the  discharged  position  (all  the  way  to 
the  right. 


Note:  Final  assembly  will  be  completed  after  recharging  of  the 
cylinder. 


Section  III.    CYLINDER  RECHARGING 


Warning:     Any  charged  or  partially  charged  gas  cylinder  of  any  size  is 
potentially  dangerous  and  must  always  be  handled  with  caution. 
Handle  all  compressed  gas  cylinders  carefully,  never  drop  them  or 
permit  them  to  strike  each  other  violently*    Discharge  valves  of 
cylinders  must  not  be  bumped  or  knocked*    Cylinders  must  be  secured 
in  a  chain  vise  or  other  approved  clamping  device  when  being  dis- 
charged*   pi-qfAnf-rve  gl^ov^fi  and^a  fac^  njask  nr  crogglps  must  be  wo^ 
throughout  the  cylinder  charginf^  process* 

During  your  cylinder  recharging  procedure,  refer  to  the  diagram 
(figure  5)  of  the  recharging  set-up  provided.    For  training  purposes,  all  valves 
on  the  recharging  set-up  which  are  identified  by  letters  on  the  diagram 
have  been  color  coded*    The  Instructor  will  inform  you  of  the  type  of  life 
raft  that  the  v^.ylinder  you  are  recharging  is  used  on. 


At  this  time  obtain  TO  14S-1-102  from  instructor. 
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CO 


C02 

SUPPLY  CYL 


WHITE 
(N) 


1  CO2 
FILTER 


NITROGEN 
SUPPLY  CYL 
(BEHIND  PANEL 


BLEED 
VALVE 

(A)^ 
BLACK 


PUMP-^ 


L  ± 


GREEN  (L) 


PUMP 
MOTOR 


X 


IFE  RAFT  CYL 


-START  BUTTON 
-STOP  BUTTON 
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Figure  5. 
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1.      For  what  typevS  of  life  rafts  Is  this  cylinder  used? 


2.  Note  the  empty  weight  of  the  cylinder  assembly  stenciled  on 
the  cylinder.    The  empty  cylinder  weight  Is    lbs, 

3.  Place  the  cylinder  In  the  holding  adapter  on  the  scale. 


4*     Place  cover  plate,  screws  and  cable  assembly  In  holding  adapter 
with  cylinder  on  the  scale.    At  this  time  you  will  put  the  weights  that  are 
provided  on  the  opposite  side  of  the  bottle  on  the  scale  until  the  weights 
and  the  bottle  are  balanced.    Now  add  the  total  amount  of  weights  added  to 
the  scale  along  with  the  reading  on  t)ie  scale.    This  gives  you  the  total 

empty  weight  of  the  cylinder.    The  empty  cylinder  weight  Is  lbs> 

See  your  Instructor. 

5.  Using  teflon  (antl-selze)  tape,  Install  charging  adapter  to 
cylinder.    Obtain  adapter  from  your  Instructor. 

6.  Make  sure  all  valves  on  the  recharging  set-up  are  CLOSED. 

7.  Slowly  open  the  valve  (B)  on  the  x>itrogen  supply  cylinder  by 
reaching  through  the  opening  in  the  top  of  ^:he  panel.    Note  tl^t  nitrogen 
supply  pressure  shows  on  the  pressure  gage  (P).    If  it  does  not,  consult 
your  Instructor.    Does  a  reading  show  on  the  pressure  gage?   , 

8.  Open  the  ORANGE  valve  (0)  in  the  nitrogen  supply  line. 

9.  Open  the  RED  valve  (M)  in  the  cylinder  charging  line  momentarily 
to  purge  air  out  of  the  charging  hose  (T) .    Insure  the  charging  hose  is 
pointed  away  from  personnel. 

10.  Close  the  RED  valve  (M)  and  immediately  connect  the  charging  hose 
(T)  to  the  cylinder  to  bft  charged.    Use  2  wrenches  to  tighten  the  connection. 

11.  Insure  that  the  cKrglng  hose  is  not  twisted  once  charging  hose 
is  Installed.    Readjust  scale  so  that  the  pointer  is  located  on  the  zero 
mark  or  the  one  pound  mark.    This  is  done  by  moving  the  small  weight 
located  on  the  bottom  left  hand  corner  of  the  scale  away  from  you  until 
your  mark  is  reached. 

12.  Refer  to  table  2-2  in  TO  14S- 1-102  and  note  the  weight  of  N 

to  be  added  to  the  cylinder  you  are  recharging.    The  specified  weight ^of 
N^  is    lb. 
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13.  While  watching  the  pointer  on  the  scale,  slightly  open  the  RED 
valve  (M)  and  when  the  pointer  has  moved  to  the  specified  weight  on  the 
scale  dial,  CLOSE  the  valve. 

If  a  cylinder  is  overcharged  with  N2  or  CO2,  it  must  be  bled  down  to 
the  proper  weight  by  placing  a  screwdriver  in  the  slot  in  the  sheave  and 
carefully  rotating  the  sheave  clockwise.    Note  figure  6. 

14.  Close  the  valve  (B)  on  the  N2  supply  cylinder. 

15.  Open  the  WHITE  bleed  valve  (N)  to  bleed  nitrogen  pressure  from 
the  line,  then  CLOSE  the  valve ♦ 

16.  Close  the  ORANGE  valve  (0)  in  the  nitrogen  supply  line. 


17.  Again  refer  to  table  2-2  in  TO  14S-1-102  and  determine  the  weight  of  CO 
for  the  cylinder  you  are  recharging.    The  specified  weight  of  CO^  is    lbs 


18.  Reset  the  scale  to  read  exactly  zero  or  1  pound  by  repositioning 
the  weights  on  the  top  and  left  side  balance  bars. 

19.  Slowly  open  the  valve  (Z)  on  the  CO2  supply  cylinder. 

20.  Crack  open  the  BLACK  bleed  valve  (A)  at  the  pump  inlet  until  liquid 
CO2  is  flowing  freely  from  the  supply  cylinder,  then  CLOSE  the  valve.  The 
dehydrator  filters  must  first  fill  with  liquid  CO2. 

21.  Open  the  GREEN  valve  (L)  in  the  pump  outlet  line. 

22.  Crack  open  the  WHITE  bleed  valve  (N)  which  will  allow  CO2  gas  to  be 
purged  from  the  pump.    Close  this  valve  as  soon  as  liquid  CO2  appears  or  gas 
no  longer  flows. 

Note:    Read  the  following  caution  and  steps  23  through  25  carefully 
before  beginning. 

23.  Open  the  RED  valve  (M)  then  start  recharging  unit  by  pressing  the 
START  button  on  the  pump. 

Caution:  You  must  stop  the  pump  before  closing  the  RED  or  GREEN 
valves  in  the  outlet  charging  line  from  the  pump.  Failure  to  do 
so  may  result  in  blowing  the  safety  rupture  disc  at  the  pump  outlet. 

24.  Carefully  watch  the  scale  and  when  it  reads  the  weight  of  CO2  to  be 
added,  quickly  press  the  STOP  button  to  stop  the  recharging  unit. 

25.  As  soon  as  the  pump  stops,  close  the  RED  valve  (M) . 


26.    Close  the  valve  (Z)  on  the  CC2  supply  cylinder,  and  close  cylinder 
valve  with  screwdriver  after  cylinder  valve  is  closed,  open  RED  valve  (M) . 
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27.  Open  the  WHITE  bleed  valve  and  GREEN  valve  to  bleed  pressure 
from  the  line. 

28.  Using  two  wrenches,  slowly  loosen  the  hose  adapter  connection  at 
the  life  raft  cylinder  and  disconnect  the  hose  from  the  adapter.  Remove 
adapter . 

29.  Weigh  charged  cylinder  for  specified  weight.    Charged  cylinder 
weight  is  lbs. 

Note:    If  a  cylinder  is  overcharged,  it  must  be  bled  down  to  the 
proper  weight  by  placing  a  screwdriver  in  the  slot  in  the  sheave 
and  carefully  rotating  the  sheave  clockwise  to  release  the  excess 
pressure. 

30.  Remove  the  cylinder  from  the  scale. 

31.  Unplug  the  power  cable  from  the  electrical  power  outlet  and 
secure  the  cable. 


Section  IV.    FINAL  CYLINDER  ASSEMBLY  -  Refer  to  figure  4. 

Caution:    You  must  use  care  while  installing  pull  cable;  the 
cylinder  is  charged. 

1.  Note  figure  6.  Slide  the  cable  assembly  through  the  cable  housing 
and  wrap  it  around  the  sheave,  engaging  the  ball  in  the  recess  of  the  sheave 
for  the  DOWN  PULL  position. 


GREEN  DOT 


WINDOW 

screwdriver 


SHEAVE 


COVER  PLATE 


CABLE  HOUSING 


PULL  CABLE 


Figure  6. 

Note  the  small  hole  through  the  top  edge  of  the  sheave  for  installing 
a  piece  of  copper  safety  wire.  Note  figure  7.  The  two  ends  of  the  safety 
wire  are  passed  up  through  the  two  small  holes  in  the  cover  plate,  wrapped 
around  a  cover  plate  screw,  and  sealed  with  a  lead  seal.  This  safety  wire 
is  broken  when  the  cable  is  pulled  to  discharge  the  cylinder. 
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SAFETY  WIRE  TWISTED 
UNDER  AND  AROUND 


Figure  7,   Multlplace  Control  Head. 


Caution;    Note  the  under  side  of  the  valve  cover  plate.  Modified 
cover  plates  have  a  leaf  spring  installed  inside  the  flange  on  the 
cover  plate  to  ensure  that  the  pull  cable  remains  in  place  around 
the  sheave.    When  Installing  the  modified  cover  plate,  first  rotate 
it  to  the  right  approximately  40  degrees  in  order  for  the  projecting 
end  of  the  spring    to  clear  the  sheave. 


2.     Assemble  the  cover  plate  (9)  to  the  valve  body  (28)  with  the 

washers  (11)  and  screws  (10).    Make  sure  the  green  indicator  dot  is  visible 

through  the  window  in  the  cover  plate.    See  your  instructor  for  discharge 
method . 
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Environmental  Pneudraulic  Branch  C3ABR42331  OOO-WB-406 

Chanute  AFB,  Illinois 

FIRE  EXTINGUISHING  LABORATORY  PROJECTS 

OBJECTIVES 

1,  Using  a  fire  extinguishing  trainer,  inspection  workcard,  -06 
code  book  and  workbook,  inspect  the  fire  extinguishing  system.  Locate 
and  record  a  minimum  of  5  discrepancies  on  AFTO  Forms  349-    A  maximum 
of  3  instructor  assists  are  allowed.    Apply  safety  precautions  without 
error. 

2.  Using  a  fire  extinguishing  trainer  and  workbook,  perform  an 
operational  check  of  the  fire  extinguishing  system.    A  maximum  of  1 
instructor  assist  is  allowed.    Apply  safety  precautions  without  error. 

3.  Using  a  fire  extinguisher  trainer,  multimeter  and  workbook, 
troubleshoot  a  fire  extinguishing  system  for  malfunctions.  Locate 
and  record  a  minimum  of  4  out  of  5  causes  correctly.    A  maximum  of  2 
instructor  assists  are  allowed.    Apply  safety  precautions  without  error. 

4,  Using  container,  ignition  circuit  tester  and  workbook,  bench 
check  squibs  for  proper  resistance  values •    A  maximum  of  one  instructor 
assist  is  allowed.    Apply  safety  precautions  without  error ♦ 

EQUIPMENT 

Fire  Extinguishing  Trainer 
AFTO  Forms  349 
-06  Code  Manual 
Multimeter 

Ignition  Circuit  Tester 

Squibs 

Container 

Note:    Procedures  that  have  an  asterisk  (*)  In  front  of  them  are 
considered  to  be  the  hardest  tasks.    Instructor  assists  may  be  given 
on  them  as  stated  la  the  objectives. 

PROCEDURE 

PROJECT  1 

Inspection  Procedures 

1.      Have  the  instructor  set  up  the  fire  extinguishing  film  on 
the  VCR  and  TV.    View  the  film,  when  the  film  is  over,  tell  the 
instructor  and  ask  him/her  any  questions  you  may  have  about  the 
fire  extinguishing  system. 


Supersedes  C3ABR42331-WB-406,  4  May  1983. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  500;  DAV  -  1 


2 

1470 


2.      Using  the  AFTO  Form  26,  provided  by  your  instructor,  as  a 
guide,  inspect  each  item  listed.    Record  a  minimum  of  5  discrepancies 
on  AFTO  Forms  349.    You  are  allowed  a  maximum  of  3  instructor  assists 
for  this  project.    Turn  in  your  completed  349s  to  your  instructor. 
Wait  for  his/her  approval  to  start  project  2. 

Instructor's  Initials   

Instructor  Assists:    1.   ,    2,   ,  3,   

PROJECT  2 

Operational  Check  Procedures 

Any  trainer  malfunction  should  be  brought  to  the  instructor's 
attention. 

1.  Remove  all  jewelry  before  operating  this  equipment 

2.  Inspect  the  fire  extinguishing  trainer  for  the  following: 

a.  All  circuit  breakers  are  pushed  in. 

b.  All  fire  handles  are  pushed  in. 

c.  Bottle  selector  switch  for  engine  1  an^d  2  in  NORM  (normal) 

d.  All  trouble  switches  in  the  out  position  (located  on  back 
of  the  trainer) . 

3.  Connect  the  trainer  to  28V  DC.    The  power  cord  is  coiled  up 
behind  the  trainer.     28V  DC  outlets  are  on  the  wall. 

4.  Place  the  trainer  power  master  switch  "ON."    This  switch  is 
located  directly  below  the  box  containing  the  trouble  switches. 

5.  Now  visually  check  the  following: 

a.  Squib  firing  lights  (RED)  should  be  "OFF." 

b.  Annunciator  panel  lights  (RED)  for  fire  bottles  Number  1 
and  Number  2  should  be  "OFF." 

c.  The  HYD  shutoff  valve  (hydraulic)  should  be  "OPEN" 
(amber  indicating  light  "OFF"). 

d.  The  HYD  supply  shutoff  valve  should  be  "OPEN." 

e.  The  ejector  valve  should  br  "OPEN"  (amber  indicating 
light  "ON").    The  pressure  switch  holds  the  ejector  valve  open. 

f .  The  bleed  air  shutoff  valve  should  be  "OPEN." 
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g*      The  manual  fuel  shutoff  valve  should  be  "OPEN."  On 
the  trainer  this  valve  is  connected  by  cable  to  the  Number  3  (only) 
engine  emergency  fire  handle*    In  the  aircraft  each  fire  handle  is 
connected  by  cable  to  a  manual  fuel  valve  for  that  engine. 

h.  The  ejector  duct  valve  actuator  (cooling  air)  should 
be  "OPEN"  or  extended.    This  actuator  will  open  or  close  a  small  door 
on  the  engine  cowling  for  cooling  purposes. 

i.  The  fuel  shutoff  valve  actuator  should  be  extended 
(valve  not  shown  on  trainer). 

Note:    Only  the  two  way  check  valves  are  shown  since  tubing 
is  not  used  on  the  trainer.    Normally  these  two  check  valves 
are  in  the  manifold  tubing  connecting  the  two  fire  bottles. 
The  spring  loaded  "flappers"  in  the  check  valves  position 
in  response  to  the  direction  of  agent  flow. 

Note:  The  wiring  for  the  system  is  routed  through  the  two 
emergency  shutdown  relays  on  the  lower  right  corner  of  the 
trainer. 

6.  To  energize  the  engine  emergency  shutdown  system,  "pull" 
the  engine  Number  1  fire  handle. 

a.  Check  that  all  valves  "close." 

b.  Ejector  valve  amber  light  should  go  "off"  (indicator 
valve  closed  and  pressure  dropped). 

c.  HYD  sbn'coff  valve  amber  light  should  come  "ON"  (indicating 
valve  has  closed) . 

d.  We  now  have  fuel,  hydraulic  fluid,  bleed  air,  and  cooling 
air  shut  off  from  the  Number  1  engine. 

7.  To  energize  the  fire  extinguishing  system,  press  the  "push  to 
discharge"  button  which  was  uncovered  when  Number  1  handle  was  pulled. 

a.  With  the  bottle  selector  switch  in  "NORM,"  the  circuit 
will  fire  the  "NORM"  squib  in  fire  bottle  Number  1  (check  the  red  squib 
firing  lights). 

b.  The  fire  bottle  Number  1  red  light  on  the  annunciator 
panel  should  come  "ON"  (these  two  lights  are  connected  to  the  pressure 
switch  in  the  fire  bottles;  a  pressure  drop  to  225  psi  or  below  will 
turn  on  these  lights).     The  pilot  now  knows  that  the  agent  in  fire 
bottle  Number  1  has  been  sent  to  engine  Number  1. 

8.  If  for  some  reason  one  bottle  did  not  extinguish  the  fire  in 
engine  Number  1,  the  bottle  selector  switch  would  be  positioned  to  "ALT" 
(flip  this  switch  down).    Now  press  the  "press  to  discharge"  button  for 
engine  Number  1  again. 

a.  The  circuit  will  now  fire  the  "alternate"  squib  in  fire 
bottle  Number  2  (check  squib  firing  lights).  The  agent  in  this  bottle 
will  also  go  to  engine  Number  1.  4 
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b.  The  fire  bottle  Number  2  red  light  on  the  annunciator 
panel  should  come  "ON/'  (Drop  in  pressure  to  225  psi  or  lower  turns 
on  this  light.) 

c.  If  this  firing  sequence  is  not  clear,  use  the  wiring 
diagram  on  the  trainer  and  trace  the  circuit  out  with  a  grease  pencil. 
(Wiring  diagrams  are  in  the  upper  right  hand  corner  of  the  trainer.) 

9.      To  reset  the  trainer  for  another  operation: 

a.  Place  the  bottle  selector  switch  back  to  "NORM." 

b.  Push  fire  handle  Number  1  back  in. 

c.  Check  that  all  valves  return  to  the  "OPEN"  position. 

d.  The  ejector  valve  amber  light  should  be  "ON"  and  the  HYD 
shutoff  valve  amber  light  "OFF." 

^  e.      Place  the  trainer  power  master  switch  "OFF"  and  then  "ON" 
again  to  reset  the  squib  firing  and  annunciator  panel  lights.     (On  the 
aircraft  these  bottles  must  be  recharged  to  turn  "OFF"  the  annunciator 
lights.) 

10*      For  this  check,  assume  the  fire  is  in  the  Number  2  engine. 

a.  Pull  the  fire  handle  for  engine  Number  2.    Check  that  all 
valves  close. 

b.  Press  the  "push  to  discharge"  button  behind  the  Number  2 

handle. 

c.  With  the  bottle  selector  switch  in  "NORM,"  the  circuit 
will  now  fire  the  "NORM"  squib  in  fire  bottle  Number  2.  (Check  squib 
firing  lights.) 

d.  The  fire  bottle  Number  2  light  on  the  annunciator  panel 
should  come  "ON." 

11.      If  this  did  not  extinguish  the  fire,  bottle  Number  1  can  be 
used. 

*  a.  Position  the  bottle  selector  switch  to  "ALT." 

b.  Press  the  "push  to  discharge"  button  again. 

*c.      The  circuit  will  no;/  fire  the  "alternate"  squib  In  fire 
bottle  Number  1  and  send  the  agent  to  engine  Number  2.     (Check  the 
squib  firing  lights.) 

d.      The  fire  bottle  Number  1  light  on  the  annunciator  panel 
will  now  come  "ON." 
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Check  the  wiring  diagram  on  the  trainer  to  see  how  this 

happens « 


12*      Shut  the  trainer  down  as  follows: 


a.      Push  engine  Number  2  fire  handle  in. 

Position  the  bottle  selector  switch  back  to  "NORM," 

c.  Place  the  trainer  power  master  switch  "OFF/* 

d.  Remove  the  trainer  power  cord  from  the  28V  DC  outlet 
and  position  it  behind  the  trainer, 

e.  Fill  out  an  AFTO  Form  349  for  the  operational  check, 
13,      Additional  Information: 


a.      The  complete  operational  checkout  sequence  for  the  fire 
extinguishing  system  is  outlined  in  1C-141A-2-7,    Normally,  the  connector 
plugs  are  removed  from  the  squibs  and  a  test  set  is  used  to  check  the 
electrical  circuit. 


b.      The  only  indicating  lights  found  on  the  aircraft  fire 
extinguishing  system  are  the  fire  bottle  lights  on  the  annunciator 
panel.    The  squib  firing  and  valve  operation  lights  are  on  the  trainer 
only.    This  completes  the  operational  check  of  the  fire  extinguishing 
system.    Check  with  your  instructor  before  continuing. 

Instructor  Assists:    Instructor's  Initials 


PROJECT  3 

Information 


By  now  you  should  have  inspected  and  operated  the  fire  extinguishing 
trainer.    You  should  have  a  good  idea  of  how  the  system  operates.  In 
this  project,  you  will  troubleshoot  the  system  by  locating  defects  that 
are  put  in  the  system  by  trouble  switches.    Note  that  test  jacks  have 
been  put  in  each  circuit  on  the  trainer.    With  test  jacks,  there  is  no 
need  to  take  off  the  AN  connector  plugs  to  check  a  circuit. 

When  you  check  the  various  circuits,  use  a  grease  pencil  to  trace 
the  circuit  on  the  plastic  covered  wiring  diagram.    The  diagram  is  on 
the  trainer.    This  will  keep  you  from  checking  the  same  circuit  twice. 


Procedures 


1.  Set  up  the  trainer  for  normal  operation  (power  switch  ON  and 
master  si.itch  ON), 

2,  Find  trouble  switch  Number  3.    The  trouble  switches  are  on  the  right 
side  of  the  trainer. 


3.      Place  this  trouble  switch  to  the  IN  position. 
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Warning:    When  a  fire  extinguishing  system  needs  maintenance, 
be  sure  that  the  AN  connector  plugs  have  been  taken  off  the 
firing  squibs,  before  a  multimeter  is  used.    The  battery  in 
the  meter  has  the  current  that  would  fire  a  squib.    When  a  squib 
needs  to  be  checked,  use  a  meter  that  CANNOT  give  more  than  35 
milliamperes  of  current.    Be  sure  to  check  the  technical  order 
for  the  aircraft  on  which  you  are  working. 

4.  Pull  the  Number  1  fire  handle.    Check  circuit  indication. 

5.  Press  the  push  to  discharge  button  (located  under  tha  fire 
handle)  for  the  Number  1  engine. 

6.  Watch  the  squib  firing  lights. 

7.  Since  the  circuit  "A"  squib  firing  light  DID  NOT  come  ON, 
check  the  trainer  wiring  diagram  for  test  points. 

8.  Check  the  circuit  with  the  multimeter. 

Note:  You  can  troubleshoot  the  trainer  with  power  ON  or  OFF. 
Make  sure  you  have  the  meter  set  correctly  when  making  either 
a  power  ON  or  a  power  OFF  check. 

9.  After  the  circuit  is  checked,  you  should  have  found  that 
wire  number  1W2B18  was  OPEN.    This  wire  is  between  the  Number  1  engine 
discharge  button  and  the  bottle  selector  switch. 

10.  Mark  the  wiring  diagram  to  show  the  problem.    Use  an  "X"  and 
the  trouble  switch  number. 

11.  Use  a  349  to  vnrite  up  the  discrepancy  and' the  corrective 
action  and  take  time  for  troubleshooting  and  making  the  corrective  action, 

12.  Place  trouble  switch  number  3  to  the  OUT  position. 

13.  Ask  your  instructor  to  assign  you  5  problems.  Troubleshoot 
these  problems  by  following  the  ops  check  procedures  in  project  3. 

14.  Have  the  instructor  check  your  answers  before  you  start  the 
next  project. 

Instructor  Assists:    !♦   >    2.   Instructor  Initials   


PROJECT  4 


Information 


In  this  project,  you  will  bench  check  fire  extinguishing  bottle 
squibs  to  find  out  if  they  are  good.    Use  the  figure  on  the  last  page 
of  this  book  when  making  this  check.    The  diagram  will  help  you  to  find 
some  of  the  components  that  are  not  labeled  on  the  tester.    Read  all 
of  the  steps  one  time,  then  start  the  test. 
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Caution*    The  squib  must  always  be  placed  in  the  agent  container 
when  a  continuity  check  is  made.     If  the  meter  should  detonate 
the  squib,  the  cont«iiner  would  discharge  the  liquid  agent. 

Procedure 

1,  Check  the  condition  of  the  squib  tester  before  you  use  it. 

a.  First,  be  sure  that  the  SHORTING  BAR  is  put  between  the 
binding  posts,  located  ^t  the  top  of  the  tester. 

Caution:  Never  press  the  OPERATING  KEY  when  the  shorting  bar  is  not 
in  place,  or  when  the  SPRING  CLIP  LEADS  are  not  hooked  to  the  squib. 
This  could  damage  parts  in  the  tester. 

b.  Set  the  OHMS  DIGITAL  DIAL  to  read  all  zeros  by  turning  the 
DIGITAL  DIAL  KNOB  counterclockwise  (CCW) . 

c.  Set  the  OHMS  ADD  SELECTOR  SWITCH  TO  zero. 

^  d.      Press  the  operating  key  and  watch  the  pointer  on  the 
meter.     If  the  pointer  does  not  move,  the  tester  circuit  is  good.  If 
the  pointer  moves,  there  is  an  open  in  the  tester  circuit.    Check  with 
your  instructor  if  the  pointer  moves. 

2.  Using  the  Squib  tester. 

a.      Remove  the  shorting  bar  from  between  the  two  binding 

posts. 

*  b.      The  resistance  value  will  vary  with  different  squibs. 
The  resistance  value  and  tolerance  of  the  squibs  you  will  test  is 
2.30  +  0.50  olims.    Set  a  resistance  value  of  2.30  ohms  in  the  ohms 
digital  dial  by  turning  the  digital  dial  knob  clockwise  (CW) . 

^c.      Hook  the  spring  clip  leads  to  the  AN  connector  plug 
located  on  the  top  of  the  tester. 

d.  Hook  a  spring  clip  lead  to  one  of  the  pins  of  the  AN 
connector  on  the  squib  under  test.    Hook  the  other  lead  to  the  ground 
terminal  of  the  squib. 

Note:    Since  you  will  check  both  the  A  and  B  circuits  in  each 
squib,  it  is  not  too  important  whether  A  or  B  is  checked  first. 

*  e.      Press  the  operating  key  and  watch  the  meter  pointer. 
If  the  pointer  moves,  increase  or  decrease  the  ohms  value  you  had 
set  in  the  ohms  digital  dial.    Keep  adjusting  until  the  meter  pointer 
is  centered  on  the  red  line  of  the  meter  scale. 
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f .  With  the  operating  key  pressed,  read  the  ohms  digital 
dial.    The  reading  should  be  2.30  +  0,50  ohms.  If  this  is  the 
reading,  the  squib  is  good.    If  the  reading  is  not  in  tolerance » 

the  squib  is  bad. 

g.  If  the  circuit  proves  to  be  good,  remove  the  spring 
clip  lead  from  the  pin  and  connect  it  to  the  other  pin  to  check 
that  circuit. 

h.  Do  steps  d,  e  and  f. 

i.  Write  up  the  bench  check  on  AFTO  Forms  349, 

EXAMPLE 

Your  instructor  gave  you  a  squib  that  has  a  resistance  value  and 
tolerance  of  2.30  +  0.50  ohms.    Hook  one  lead  to  a  pin  of  the  squib 
and  the  other  lead  to  the  ground  connection.    Set  the  ohms  add 
selector  switch  to  zero  (0).    Then,  set  2.30  +  0.50  ohms  in  the  digital 
dial  and  press  the  operating  key.    If  you  can  center  the  meter  pointer 
(red  line)  by  adding  or  subtracting  not  more  than  0.50  ohms,  the  squib 
is  good.    Do  the  above  steps  with  the  other  circuit. 

Note:    The  ohms  add  selector  switch  settings  are  in  ten  ohm 
increments.    If  the  squib  resistance  is  between  0  and  10  ohms, 
use  the  zero  (0)  setting  of  the  switch.    If  the  resistance  is 
between  10  and  20  ohms,  set  the  switch  on  10.    If  the  resistance 
is  over  20  ohms,  set  the  switch  on  20. 

3.      Securing  the  squib  tester. 

Remove  the  test  leads  from  the  squib  and  tester  and  store  them 
in  the  top  of  the  tester  cover.    Replace  the  shoring  bar  between  the 
binding  posts  and  set  the  OHMS  DIGITAL  DIAL  to  read  all  zeros. 

Instructor  Initials   
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OBJECTIVES 

After  completion  of  this  programmed  text,  you  will  be  able  to: 

1.  State  procedures  for  repairing  components  of  a  fire  extinguishinr 
system.    A  minimum  of  four  out  of  five  must  be  correct. 

2.  State  procedures  relating  to  the  servicing  of  fire  extinguishing 
ayfitemfl.    A  minimum  of  four  out  of  five  must  be  correct • 

3.  Specify ,  without  error,  safety  precautions  involved  in  handling 
inert  gases* 

4.  Specify,  without  error,  safety  precautions  involved  in  handling 
toxic  compounds. 

5.  Specify,  without  error,  safety  precautions  involved  in  handling 
explosive  squibs. 

6.  Specify,  without  error,  safety  precautions  involved  in  handling 
high  pressure  gases. 

INSTRUCTIONS 


This  study  guide  was  designed  to  help  you  prepare  for  the 
measurement  test.    The  information  contained  herein  will  support 
the  instructors  lesson  and  may  be  used  to  complete  the  progress 
check  for  the  relating  objectives. 
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HAZARDS  AND  SAFETY  PRECAUTIONS 


Let's  'jIscuss  some  of  the  hazards  and  safety  precautions  that  apply 
to  working  with  and  handling  liquid  fire  extinguishing  agents.    We  will 
discuss  CH  as  the  common  agent  but  the  same  conditions  apply  to  DB  or 
any  other  liquid  agent.    CB  is  a  volatile  (evaporates  rapidly)  liquid,  and 
its  vapors  are  toxic.    It  should  be  used  with  adequate  ventilation 
whenever  possible.    Avoid  exposure  to  high  concentrations  of  CB,  for 
staggering,  dizziness,  lack  of  coordination,  stupor,  confusion,  headache, 
nausea,  or  unconsciousness  may  result.     CB  is  a  very  heavy  gas  and  will 
settle  to  the  floor  in  concentrations  (or  pools).    Because  it  is  so  heavy, 
it  does  not  mix  with  air  easily  and  can  become  a  health  hazard  if  allowed 
to  concentrate.     If  overexposure  is  noted,  leave  the  area  at  once.  If 
this  is  impossible,  use  an  oxygen  or  air  supplying  mask.    After  over- 
exposure, report  to  first  aid  immediately.    Personnel  regularly  exposes 
to  CH  will  be  given  a  medical  examination  at  intervals  set  up  by  the  base 
hospital. 

The  nitrogen  used  in  the  recharging  setup  is  storsd  in  the  bottle 
under  high  pressure.    Because  of  this,  ensure  you  follow  all  the  safety 
procedures  you  learned  about  high  pressure  cylinders.    This  high  pressure 
gas  can  cause  body  and  property  damage  if  not  handled  correctly.    Do  not 
allow  the  cylinder  to  fall  over  and  do  not  "horseplay"  with  the  cylinder 
or  the  gas  coming  out  of  it.    Do  not  point  the  servicing  hose  at  yourself 
or  someone  else.    The  high  pressure  gas  can  damage  skin,  or  put  out  an 


eye. 
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BALE  TEST 


Besides  producing  toxic  vapors,  CB  is  also  dangerous  in  another 
respect.    Since  it  is  designed  to  keep  oxygen  from  a  fire,  it  will 
keep  the  oxygen  from  any  enclosed  area.    This  is  the  reason  for  having 
a  well  ventilated  room  when  handling  CB.    If  your  CB  work  area  becomes 
contaminated  with  a  high  concentration  of  CB,  a  "Bale  Test"  will  be 
done  before  reentering  the  area.    This  test  is  done  by  the  base 
medical  office. 
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CONTAINER  WEIGHT  CHECK 


In  previous  lessons  we  talked  about  aircraft  liquid  agent  bottles 
or  containers.    We  said  that  thk  bottles  or  cylinders  are  filled  by 
weight  and  hold  pressure.    We  also  said  that  dry  nitrogen  (N2)  is 
added  to  the  agent  to  help  in  expelling  it  from  the  container  at  low 
temperatures. 

At  various  times  as  shown  by  aircraft  inspection  TOs,  these  bottles 
or  cylinders  are  removed  from  the  aircraft  and  weight  check  is  done. 

The  weight  of  the  agent  and  of  the  bottles  is  stenciled  on  the  bottle, 
in  the  same  way  life  raft  cylinders  are.    If  the  bottle  does  not  meet 
the  weight  stenciled  on  it,  the  bottle  must  be  serviced.    At  the  same 
time,  the  pressure  on  tb.e  pressure  gage  is  checked.    If  the  pressure  is 
not  within  limits,  nitrogen  (N2)  must  be  added  to  bring  the  pressure  up 
to  its  correct  level,    if  servicing  is  required,  this  task  will  ipostj 
likely  fall  on  the  Environmental  Systems  Shop. 


SELECT  THE  KOLLOWiNO  :^TATEMENT(S)  mi  IS/ARE  TKUL, 

1,  Aircraft  fire  bottles  are  filled  by  weight. 

2,  Dry  nitrogen  is  added  to  all  aircraft  fire  bottles, 

3,  A  weight  check  is  done  with  the  bottle  installed  in  the  aircraft. 
A,  Your  shop  may  be  respons.vbje  for  recharging  aircraft  fire  bottles. 


RECHARGE  SETUP 


Shown  in  figure  1  is  a-' typical  recharge  setup  far  recharging 
aircraft  CB  sphei'es.    The  two  agents  most  widely  used  are  chloro- 
bromomethane  (CB)  and  dlbromodlf luoromethane  (DB).    Note  In  the 
Illustration  that  tbe  CB  storage  cylinder  (F) ,  has  a  syphon  tube 
(J)  and  stands  with  the  valve  end  up.    The  CB  storage  cylinder  is 
pressurized  with  nitrogen  (&)  which  pushes  the  CB  out  the  syphon 
tubfi  (J)  anjd  into  the  sphere  (L) . 

On  the  other  side  of  the  setup,  we  have  the  nitrogen  supply 
cylinder  (N) .    Nitrop,e;i  Is  drawn  fr^om  the  supply  cylinder,  through  the 
pressure  regulator  (A')  and  through  the  purifier  unit  (B)  tp  the  aircraft 
sphere  (L)  which  is"^  mounted  oh  the  scalfiBS  (K)  .    The  purifier  assembly 
is  not  a  mandatory  item  on  the  liquid  agent  setup. 

In  the  shop,  you  will  find  only  orte^ liquid  agent  recharging  setup. 
This  is  because  ojr  cost.    Regardless  of  wheti  type^of  setup  you  use,  it 
win  be  used  for  all  liquid  a^ent  recharging.    Tliere  Is  only  one 
requirement  for  uslnp.  a  sing'.e  setup  for  different  agents.    The  setup 
must  be  purged  with  compressed  air  when  you  change  from  one  agent  to 
another.    Normally  a  shop  only  services  one  type  of  agent. 
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Figure  1. 
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CHARGING  BONNET 


The  first  step  in  recharging  liquid  agent  containers  i/S  lo  provide 
a  method  of  attaching;  a  charging  line  to  t)io  container.     Liquid  agent 
containers  are  recharged  through  th^  thermal  relief  (fusible  safety  plug) 
opening.    To  do  recharging,  a  special  charging  bonnet  Is  necessary  for 
each  different  type  of  container.    The  charging  bonnet  is  used  to  unseat 
the  thermal  relief  device  without  actually  removing  the  relief  device 
from  the  container,  f       '  a 

Figure  2  sriows  one  type  of  liquid  agent  container  charging  bonnet, 
Kotice  that  the  charging  bonnet  has  a  wrenching  head  at  the  top.  It 
also  hafs  pins  at  the  bottom  to,  engage  flut^  in'  the  thermal  relief  device 
(safety  pluj;)  of  fhe  ty-pe  shoim  1^  figure  2.    After  you  screw  the  charging 
bonnet  into  place*  use  the  bonnet  wrenching  head  to  back  off  the  safety 
plug  slightly  96  that  thfe  agent  c^n  enter  the  container.  Carefully 


follow  the  correct  procedures  i^n)  using  a  charging  bonnet.     For  example, 
you  must  screw  the  bonnet  firmly  into  the  container  to  prevent  leakage 
between  the  bonnet  and  the  container.    Also,  you  must  back  off  the  safety 
plug  only  the  specified  number  of  turns.    The  plug  threads  may  be  damaged 
If  the  pluK  backs  a^r.inst  the  charging  bonnet,    Tf  the  plug  threads  are 
damaged  in  the  charging  process,  the  plug  may  separate  f-^om  the  container 
with  explosive  force  after  the  charging  bonnet  lb  removed.     Besides  the 
charging  bonnet,  you  still  need  certain  other  equipment  to  recharge  a 
liquid  agent  container. 


CB  RECHARGIKG 


RecharRing  equipment  requirements  vary  slightly  for  the  different 
types  of  liquid  agents.    There  is  a  common  requirement  however,  for  all 
of  the  agents.    In  addition  to  a  supply  of  the  agent  itself,  you  must 
have  a  supplv  of  pressurized  nitrogen.    The  nitrogen  is  used  tor  two 
different  purposes,  as  you  viU  see.    We  shall  discuss  the  rechargint; 
setup  for  CB. 

CB  recharging.    Figure  1  shows  a  recharge  setup  for  CB.    Notice  that 
the  figure  shows  a  liquid  agent  supply  cylinder  (K) ,  a  nitrogen  supply 
cylinder  (M),  connected  through  various  valves,  and  a  purifier  (filter) 
(B)     to  the  fire  extinguisher  container  (K).    The  connection  to  the 
container  is  made  through  a  charging  bonnet  which  was  r.axked  abouc  is 
the  last  frame.    The  container  (K)  rests  on  the  scale  M)  so  that  the 
weight  of  the  added  agent  can  be  measured.    The  CB  has  no  pressure  o. 
its  own-  so  it  must  be  pressurized  with  nitrogen  to  force  the  agent  out 
of  the  supply  cylinder.    You  do  this  by  opening  two  valves  (C  and  E) 
and  ad1'.sting  the  presso...'  v«gulatot  assembly  (A)  to  the  proper  valu.-. 
Now  we  have  a  word  of  caution.    Every  liquid  agent  supply  cylinder  hari 
a  pressure  limit  that  Tr.usL  not  be  exceeded.    Failure  to  properly  control 
the)amount  of  pressure  a;)plied  to  the  agent  supply  cylir.der  may  cause 
Lhis  cylinder  to  explode.    Vou  must  compare  the  recomriended  technics., 
order  pressure  with  the  ICC  rating  on  the  neck  of  the  cylinder.  Never 
exceed  the  maximum  pressure  Indicated  by  the  ICC  rating  stamped  Into 
the  cylinder. 

,NUfer  the  agtrt  supply  cylir.der  has  been  pressurized,  close  th-^ 
niT..geu  manifold  valve  (C)  a.:d  open  the  valve  (D)  to  the  fire 
extMiguisher  (K).     Use  tl.e  nitrogen  pressure  to  transfer  tno  specified 
amount  (bv  weight)  o.  the  agent  to  the  i  ir.-.  extinguisher  container. 
After  Lb-  .ov-reci  amount  >:l  agent  las  been  transferred  to  the  container, 
,.ro':surl2.-  the  contain^,  with  ni' ro- .n.     Kven  though  nitrogen  is  net 
Wc-atlv  .'.itoct^-d  bv  teM,v-.c-..tutv  •     uges,  it  is  affected  lo  -ome  extent. 
U'hf.  ^h->  ■  um  rem  cvatur--  U:  h.^-.h,  for  example,  the  nitrogen  m  the 
sup'-'v  c--..der  i  =<s  e/.p anJ^.d .    Vleref ore,  a  higher  nitrogen  pressure 
nust       '=:<Me.i  t.         lU'  i-d  ag-.r  c  container  to  compensate  for  the  pressure 
del. rease* that  ocurs  v/no.n  tl.o  temperature  decreases.    The  technical  order 
for  >\c  particular  I'n.tni  .--.r  lists  the  pressures  to  which  the  container 
m.-.r  bf»  Serviced  '••■via?,  f^mperature  conditions. 

•ro.-  com;- 1 .  L m,-         .-.lu.rging  process,  you  must  bleed  off  the  trapped 
4 -.T.ti        Ti-i'.  .".  n  in  i.h«'.  charging  lines.    This  is  done  by  op-ning  the 
r.'.'  .oi-i  ^  .U'   lea-iiru'  i<.  the  /itmosphere  (L) .    Again,  you  have  to  compiy 
w-'i   u.oiy  ''ri->:.u:\  \out.      lue  tleed  line  must  dump  the  agent  of  an 
.mo-.cu.  it.')  area,    A!k..  js  ■■.l\h  ihe  CO2  recharge  setup,  you  must  see  that 
th^•  1'!  veil  ventiiaLoii  if  yni  use  the  recharge  set  indoors. 
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CLEANING  SYSTEM 

Most  of  the  repair  work  on  fire  extinguishing  systems  is  repairing 
the  container  after  it  has  been  used,  cleaning  the  agent  off  the  plane  , 
and  engine,  and  replacing  squibs  due  to  time  change  or  having  been 
fired. 

CB  liquid  and  its  vapors  speed  up  corrosion  of  metals.    Its  corrosive 
action  is  increased  by  the  presence  of  moisture.    DB  is  a  little  less 
corrosive  than  CB,  but  it  also  contributes  to  corrosion.    These  agents 
damage  the  coatings  and  sealants  on  tubing  and  all  parts  they  come  in 
contact  with.    ThSs  all  equipment  soiled  with  these  liquid  agents  should 
be  cleaned  as  soon  as  possible  after  exposure.    At  no  time  should  the 
residue  from  the  agent  be  allowed  to  remain  on  the  equipment  for  a  period 
over  4  hours.    After  a  fire  has  been  put  out,  purge  the  area  and  plumbing 
with  compressed  dry  air  or  nitrogen.    Wash  all  surfaces  with 
(PD-680);  then  wash  again  with  a  solution  of  10  percent  sodium  bxcai  >onate 
in  water.    Allow  solution  to  remain  on  surface  until  all  bubbling  6  ps. 
Then  remove  the  solution  by  wiping  with  a  damp  sponge  or  cloth,  rinse_j 
with  water,  and  dry. 


^480 
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ERIC 


SQUIBS  (CARTRIDGES) 


The  explosive  cartridge  requires  a  large  part  of  the  maintenance 
of  a  liquid  agent  fire  extinguishing  system.    You  cannot  operate  the 
release  mechanism  to  check  it  out.    However,  you  must  check  it 
periodically  to  make  sure  that  it  will  work  when  needed.    You  can  do 
this  by  making  a  continuity  check  of  the  cartridge  firing  circuit, 
including  the  cartridge  itself.    This  is  where  the  difficulty  arises. 
An  ordinary  ohmmeter  or  continuity  checking  device  must  not  be  used  for 
the  check.    Ordinary  continuity  checking  devices  cause  enough  current 
flow  to  fire  the  cartridge.    The  maintenance  technical  order  for  the 
particular  fire  extinguisher  system  specifies  the  continuity  checking 
device  to  be  used  for  that  system. 


12 


CCWTIinilTY  TEST 

First,  you  should  never  make  a  continuity  test  on  a  cartridge 
that  is  not  physically  contained  in  some  way.    If  you  make  the  test 
with  the  cartridge  installed  in  the  bonnet,  while  the  bonnet  is 
attached  to^  the  agent  container,  you  will  have  no  problem.    If  the 
cartridge  accidentally  fires,  the  agent  will  be  released  but  the 
cartridge  will  not  hurt  you.    However,  you  may  have  to  do  a  continuity 
check  on  a  cartridge  that  is  not  installed  in  the  aircraft  fire 
extinguisher  system.    If  you  bench-check  a  cartridge  for  continuity, 
you  mus.t  put  it  in  a  suitable  fixture  as  shown  by  the  applicable 
technical  order.    This  fixture  is  made  to  give  protection  for  you  in 
case  the  cartridge  accidentally  discharges.    The  times  at  wl  :h  you 
perform  continuity  checks  vary  according  to  the  aircraft  involved. 

When  a  continuity  test  shows  that  a  cartridge  is  bad,  remove  and 
replace  it.  However, \  do  not  throw  the  old  cartridge  into  a  trash 
can.    Your  Air  Force  base  has  an  organized,  explosive-material  disposal 
unit  tba*-  will  handle  the  unwanted  cartridge. 
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CONTAINER  REPAIR 


After  the  container  has  been  used,  it  must  be  repaired.  Normally 
this  means  replacing  the  O-ring,  frangible  disc,  squib  and  strainer. 
Then  the  bottle  must  be  recharged,  leak  checked  and  reinstalled  in 
the  aircraft. 

At  some  time,  you  will  also  have  to  replace  a  directional  valve. 
This  does  not  occur  very  often  if  proper  maintenance  including  cleaning 
of  the  system  cakes  place* 

The  pressure  gage  on  the  container  may  also  need  to  be  replaced 
at  times.    Be  sure  that  you  bleed  off  the  nitrogen  charge  in  the  bottle 
before  you  try  to  take  the  gage  off.    The  gage  simply  screws  out  of 
the  bottle  and  a  new  on^  screws  in.    Remember  to  represijurize  the  bottle 
with  nitrogen  and  leak  check  the  pressure  gage  before  you  put  the  bottle 
back  on  the  aircraft. 
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1.  Using  a  refrigeration  trainer,  inspection  workcard,  and  workbook,  inspect 
a  liquid  cycle  refrigeration  system.  Locate  a  minimum  of  two  discrepancies 
and  record  on  AFTO  form  349.  A  maximum  of  one  instructor  assist  is  allowed. 
Apply  safety  precautions  without  error. 

2.  Using  a  refrigeration  trainer,  manifold  gage,  workbook,  and  safety  equip- 
ment, perform  an  operational  check  of  a  liquid  cycle  refrigeration 
system.  A  maximum  of  two  instructor  assists  is  allowed.  Apply  safety 
precautions  without  error. 
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you  can  correctly  identify  the  true  statements. 
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Frame  1 


Refrigerants  con  come  in  (lifforant  ainounLu  from  a  railroad  car- 
load size  to  a  1 -pound  can*  However,  most  of  the  refri(jerant  that  the 
Air  Force  gets  is  in  145-pound  cylinders*  These  cylinders  are  too  heavy 
for  the  :  ervicenrian  to  move  from  place  to  place,  so  the  refrigerant  must 
be  transferred  to  smaller  containers.  This  is  done  be  obtaining  a  small 
cylinder  designed) for  the  particular  gos  that  is  to  be  transferred.  If 
you  are  ever  tasked  to  do  this  NLVLR         liquid  full,  and  always  wear 
protective  equipment  when  transferrinc)  liquid* 


NO  RLS^^ONSE  NLXlISSARY 


BEST  COPY  AVAILABLE 


Trnrne  2 


Let's  look  at  some  of  the  DOs  and  DONTs  while  handliny  refricjerant 
cylinders. 


1.  Never  drop  cylinders  or  permit  them  to  strike  e-'^h  other  violently. 

2.  Never  use  a  lifting  magnet  or  a  sling  when  handling  cylinders.  A  crane 

may  be  used  when  a  safe  cradle  or  platform  is  provided  to  hold  the  cylinders. 

3.  Keep  cylinder  valve  caps  on  at  all  times  except  when  the  cylinders  are  in 
use. 

4.  Never  fill  a  refrigerant  cylinder  completely  full  of  refrigerant.  The  safe 
limit  is  85  percent  full.  Overfilled  cylinders  are  apt  to  burst  from  ex- 
panding gases  causing  increased  pressure. 

5.  Never  mix  gases  in  a  cylinder. 

6.  Don't  use  cylinders  for  a  support  or  roller-cylinders  are  made  to  hold  qns. 

7.  Never  tamper  with  the  safety  device  on  a  cylinder. 

8.  Open  cylinder  valves  slowly  and  use  a  cylinder  valve  wrench.  Never  use  o 
pipe  wrench  for  this  purpose. 

9.  Never  force  misfitting  connections;  make  sure  that  the  threads  of  regulators 
and  unions  are  the  same  as  those  on  the  cylinder  outlet. 

10.  Never  attempt  to  repair  or  alter  a  cylinder  or  valve. 

11.  Never  store  cylinders  near  flammables. 

12.  Always  keep  cylinders  stored  in  a  cool  place  away  from  direct  sun  rays 
if  possible  and  fully  secured  in  place. 

13.  Do  not  store  full  and  empty  refrigerant  cylinders  together.  They  should 
be  stored  in  differant  sections  of  the  shop  to  avoid  confusion. 

14.  Always  insure  that  gas  cylxnders  are  secured  in  place  both  when  empty 
and  filled. 


NO  RESPONSE  NECESSARY 
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Frame  3 


As  stated  before,  you  should  always  wear  protective  equipment 
while  changing  or  transferring  refrigerant.  However,  if  something  happens 
when  you  do  not  have  the  protective  equipment  on  and  the  refrigerant  comes 
in  contact  with  your  skin  or  eyes,  you  should  know  the  first  aid  that  will 
help  you.  If  the  refrigerant  comes  in  contact  with  your  eyes,  bathe  them 
in  a  2-percent  boric-acid  solution  or  in  mineral  oil.  For  frostbite  on  the 
skin,  wash  the  area  with  cold  water  and  massage    around  the  area  until 
circulation  is  restored.  Do  not  disturb  the  frost  blisters.  Always  seek 
medical  aid  as  soon  as  possible. 


NO  RESPONSE  NECESSARY 
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LIQUID  REFRIGERANT  SYSTEM  MAINTENANCE 


OBJECTIVES 

Using  a  refrigeration  trainer,  inspection  workcard  and  workbook, 
inspect  a  liquid  cycle  refrigeration  system.    A  maximum  of  one  instructor 
assist  is  allowed.    Apply  safety  precautions  without  error. 

Using  a  refrigeration  trainer,  manifold  gage,  workbook  and  safety 
equipment,  perform  an  operational  check  of  a  liquid  cycle  refrigeration 
system.    A  maximum  of  two  instructor  assists  are  allowed.    Apply  safety 
precautions  without  error. 

Given  a  liquid  cycle,  refrigeration  schematic  and  malfunctions, 
correctly  identify  four  out  of  five  causes. 


Inspection  Workcard 
0-6  Code  Manual 
AFTO  Form  349 
Manifold  Gage  Assembly 
Trainer,  Liquid  Refrigerant 
Eye  Protection 

INTRODUCTION 

This  workbook  deals  with  inspecting,  operating  and  performing  a  hand 
temperature  check  of  a  refrigeration  system  at  strategic  points.  Throughout 
the  procedures,  you  will  be  required  to  have  the  instructor  check  your  work 
and  initial  the  workbook. 

Note;    Procedures  that  have  an  asterisk  (*)  in  front  of  them  are 
considered  to  be  the  hardest  tasks.     Instructor  assists  may  be  given 
on  them  as  shown  in  objectives. 


EQUIPMENT 


Supersedes  C3ABR42331-WB-407 ,  18  April  1983. 
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SAFETY 

Whenever  you  are  working  on  a  refrigeration  system,  you  must  follow  all 
safety  rules.    Never  store  liquid  refrigerant  cylinders  in  an  area  that  will 
exceed  IZS^F,  and  always  insure  that  the  room  the  v-ylinders  are  in  or  used 
in  has  adequate  ventilation.    Never  expose  refrigerant  to  an  open  flame, 
because  it  will  result  in  the  making  of  a  poisonous  gas.  Refrigeration 
systems  are  under  high  pressure,  so  make  sure  the  system  does  not  have 
pressure  on  it  before  starting  any  maintenance.    When  operational  checking 
or  performing  maintenance  on  a  refrigeration  system,  make  sure  you  put  cn 
eye  protection  (either  goggles  or  a  face  shield),  because  refrigerant  is 
very  cold  and  will  freeze  any  part  of  your  body  it  comes  into  contact  with. 

INSPECTION 

Locate  the  components  that  are  on  your  inspection  workcard  and  write  up 
the  minimum  of  two  discrepancies  on  AFTO  Forms  349. 

Instructor  Assists 


Instructor's  Initials   

Before  we  can  go  into  the  operation  procedures  for  the  liquid 
refrigeration  trainer,  we  need  to  go  over  the  operation  of  the  manifold 
gages  so  you  can  understand  their  use. 

1.  The  manifold  gage  set,  that  you  have  for  the  operation  of  this 
refrigeration  unit,  is  important  for  proper  troubleshooting  and  to  tell  you 
if  you  have  proper  operating  pressures*    The  manifold  assembly  consists  of 
two  gages  -  a  red  high  pressure  and  a  blue  low  pressure  (locate  the  gages  on 
the  trainer).    The  high  pressure  gage  will  tell  you  the  high  side  system 
pressure  by  reading  the  outer  black  scale  from  0  to  500  psi.    The  low 
pressure  gage  will  tell  you  the  pressure  on  the  low  side  of  the  system  by 
reading  the  black  scale  from  0  to  250  psi.    Also  on  this  gage  assembly  are 
three  service  hoses.    The  red  hose  is  hooked  up  to  the  compressor  discharge 
valve  and  the  blue  hose  is  hooked  up  to  the  compressor  suction  service 
valve.    The  yellow  hose  is  used  when  you  want  to  drain  the  system  pressure 
to  do  maintenance.    It  is  also  used  when  the  system  needs  to  be  evacuated  or 
serviced. 

2.  Now  look  carefully  at  the  faces  of  your  manifold  gage  assembly.  You 
will  see  three  red  scales  on  each  gage.    Each  scale  is  used  for  the  type  of 
refrigerant  you  are  using,  for  instance,  R-502,  R-12,  R-22.    When  the  system 
is  running  and  you  have  a  pressure  reading  of  25  psi  on  the  low  pressure 
gage  (blue),  you  can  see  the  temperature  at  that  pressure  io  25^¥.    The  high 
pressure  gage  will  also  tell  you  the  temperature  at  the  corresponding 
pressure.    If  you  have  125  psi,  the  temperature  is  105OF.    When  you  start  on 
the  operation  of  this  trainer,  you  will  see  how  the  gage  issembly  works. 
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As  you  complete  each  step,  place  your  initials  in  the  space  provided, 
next  to  the  number  of  each  step. 


Locate  on  the  trainer  and  place  a  check  in  the  blank  below  for 
all  components  that  are  in  the  high  pressure  side  of  the 
system* 

  Evaporator    Compressor    Condenser 


Drier    Suction  Service  Valve 


Compressor  Discharge  Valve    Expansion  Valve  Inlet 

Expansion  Valve  Outlet 


Instructor's  Initials 


la.    Locate  on  the  trainer  and  place  a  check  in  the  blank  below  for 
all  components  that  are  in  the  low  pressure  side  of  the  system. 

  Evaporator    Compressor  Condenser 


Drier  Suction  Service  Valve 


Compressor  Discharge  Valve    Expansion  Valve  Inlet 


Expansion  Valve  Outlet 

Instructor's  Initials 


2.  Locate  the  trainer  power  switch  in  the  upper  right  hand  corner  of 
the  trainer.    (OFF  position) 

3.  Locate  the  trainer  power  cord  on  the  back  of  the  trainer  and 
connect  the  cord  to  the  110/115  VAC  wall  outlet.    The  trainer 
power  light  should  come  on. 

4.  Place  the  trainer  power  switch  to  the  ON  position  and  watch  the 
sight  glass.    Liquid  refrigerant  (R-12)  will  rise  in  the  sight 
glass.    Notice  the  green  dot  in  the  glass;  this  is  a  moisture 
indicator  to  let  you  know  if  the  system  has  moisture  in  it.  The 
green  dot  will  turn  yellow  when  there  is  moisture  present. 

Note:    Moisture  in  refrigerant  systems  will  cause  system  malfunction. 
Moisture  forms  ice  in  the  low  pressure  side  of  the  system  and  could 
block  flow  to  the  evaporator  by  freezing  up  the  expansion  valve.  This 
would  be  noticed  by  reading  the  pressure  on  the  low  pressure  gage. 
The  pressure  would  show  a  steady  decrease  in  system  pressure. 

4a.    The  temperature  inside  the  cabinet  is  op. 

Instructor's  Initials 
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5.      Operate  system  for  ten  minutes  and  observe  the  low  pressure  and 

high  pressure  gages.    The  high  pressure  gage  will  tell  you  what  the 
system  pressure  on  the  high  side  (coming  out  of  the  compressor 
discharge  valve)  is.    Remember,  the  compressor  increases  the 
pressure  and  temperature.    What  is  the  pressure  on  the  high 
pressure*  gage?   psl.    The  temperature  is    ^  op. 

Instruct-or's  Initials 


6.      Now  read  the  low  pressure  gage  that  is  hooked  up  to  the  suction 
service  valve.    This  gage  tells  you  the  pressure  in  the  low 
pressure  side  of  the  system  that  is  being  sucked  into  the 

compressor.    What  is  the  pressure?  .    What  is  the 

temperature? 

Instructor's  Initials 


Note:    You  are  now  going  to  perform  a  hand  temperature  check  by  feeling 
the  system  components  and  tubing.    You  can  tell  a  lot  just  by  feeling  the 
lines  on  any  refrigeration  system,  if  it  is  operating  properly  or  not. 

_  7.      Put  your  hand  around  the  compressor  discharge  valve  and  notice 
the  temperature.    It  should  be  hot.     If  you  look  at  the  high 
pressure  gage,  you  can  find  the  temperature  by  reading  the  red 
inner  scale.    The  system  works  with  R-12,  so  read  the  middle 
scale  and  the  corresponding  pressure  will  tell  you  the  temperature. 

^8.      The  first  stage  in  cooling  the  R-12,  takes  place  in  the  condenser. 
You  cannot  feel  the  condenser,  however,  you  can  do  a  visual  check. 
The  hot  gas,  which  is  high  pressure,  is  cooled  by  conduction. 
(Remember  that  heat  travels  from  a  warm  substance  to  a  cold 
substance.)    This  changes  the  gas  to  a  high  pressure  liquid. 

9.  Now  feel  the  black  receiver  and  notice  the  temperature.  It 
should  be  warm  to  the  touch.  The  receiver  stores  and  keeps 
liquid  R-12  under  high  pressure. 

10.  Now  feel  the  line  going  to  the  dehydrator  or  drier.    It  should  be 
warm  also.    If  you  were  to  feel  a  cold  spof:  in  this  line,  that  would 
indicate  that  there  is  a  restriction,  causing  a  pressure  drop. 

11.  Put  your  hand  around  the  drier  (dehydrator).    It  should  be  warm  to 
the  touch.    If  you  found  it  to  be  cool,  that  is  a  sign  that  the 
filter  has  absorbed  too  much  moisture  and  contamination  and  is 
causing  a  pressure  drop  on  the  outlet  side  of  the  drier.  This 
reduces  the  cooling  effect  where  it  is  needed. 

12.  Look  into  the  sight  glass.     If  you  see  bubbles  or  a  low  level  of 
fluid,  that  is  letting  you  know  that  you  are  low  on  R-12,  which 
would  cause  the  system  not  to  operate  properly.    Check  the  green 
dot  also.    Is  the  sight  glass  (1)  clear?  : 

(2)  half  full?  ;  (3)  full?  ;  (4)'bSbbles?   

(5)  empty?  .      is  the  dot  green?   ;  yellow? 


Instructor's  Initials 


840929. DWB.gb 

ER?C  i502 


13.      Now  check  the  expansion  valve.    Feel  the  inlet  line.    Is  it  very 

warm?    Yes  No  .    it  should  be  warm.    Now  feel  the 

outlet  line  going  to  the  evaporator.    Is  it  very  cold?  The 
expansion  valve  meters  the  flow  of  R-12  into  the  evaporator.  The 
pressure  at  the  inlet  is  high  with  warm  temperature,  the  outlet 
is  cold  with  low  pressure. 


XD  dLLcicueu  CO  tne  oucieu  or  tne  evaporator,  i 

bulb,  and  senses  temperature.    If  the  temperature  is  too  cold,  it 
will  tell  the  expansion  valve  to  close.    If  the  temperature  gets  too 
hot,  it  will  tell  the  expansion  valve  to  open. 

The  evaporator  is  where  cooling  the  ambient  air  takes  place.  It 
also  changes  the  R-12  from  a  low  pressure  liquid  to  a  low 
pressure  gas.    (Remember  that  heat  moves  from  a  warmer  substance 
to  a  colder  one.)    The  R-12  is  absorbing  heat,  which  will  cause 
the  R-12  to  change  to  a  gas.    What  is  the  temperature  of  the 
outlet  of  the  evaporator?  op. 


14. 
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15.      Now  put  your  hand  around  the  suction  line  leaving  the  evaporator, 
going  to  the  suction  service  valve.    Is  it  cold?  or  is  it 

hot?   •    In  this  line  there  is  low  pressure  gas  going  to  the 

compressor  and  its  temperature  is  cold. 


16. 


Read  the  pressure  and  temperature  of  the  low  pressure  gas  on  the 
compound  gage  (blue)  and  record  it.    psl    temperature. 


16a.    Record  the  temperature  in  the  cabinet  op. 
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 17.      Now  you  are  back  at  the  compressor.    Put  your  hand  on  top  of  the 

compressor.    Do  you  feel  the  two  different  temperatures?  (Cold 
on  the  left  and  hot  on  the  right.)    If  there  was  not  a  difference 
between  the  two,  that  is  a  sign  that  there  is  a  problem  with  the 
compressor,  which  would  affect  the  whole  operation  of  the  system. 

 17a.    Turn  off  trainer  power  switch.    Unplug  the  trainer  from  the 

outlet  on  the  wall. 

Instructor's  Initials   
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On  this  page  is  a  schematic  of  a  basic  liquid  cycle  refrigeration 
system.    Read  each  procedure  and  comply  with  it  before  going  to  the  next 
step. 

1.  Color  code  the  key  that  is  provided  on  the  schematic,  with  four 
different  colors* 

2.  Name  the  system  components  in  the  blanks  provided  below. 

3.  Place  a  check  mark  in  the  correct  space  next  to  the  name  of  each 
component  to  show  whether  the  component  is  in  the  high  pressure  (H/P)  side  or 
the  low  pressure  (L/P)  side. 

4.  Using  the  color  code  key  that  you  made,  color  in  the  diagram  to 
show  the  changes  in  state  and  temperature  that  occurs  in  the  system. 

5.  Using  arrows,  show  the  direction  of  flow  through  the  system. 

6.  Have  your  instructor  ch«ick  your  work. 
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COMPONENT  NAME 

1.   

2.   

3.  

A.   

5. 


; '  *   

H/P 


KEY 

^  •  HIGH  PRESSURE  LIQUID 
C^lj  HIGH  PRESSURE  'JA«^ 


P3  LOW  PRESSURE  LIOUiD 
fTTH  LOW  "RESSURE    '  \! 

— ^OIRCfllON  OF  RfFR 
EPANT  FLOW 


L/P 


COMPONENT  NAME 

6.  

7.  ^  

8.  

9.   

10. 


H/P 


L/P 


ERIC 


8A0929.DWB.gb 


1504 


dtS(  COPY  AVAILABLE 


r 


WORKBOOK 

tjABK*z:i3i-WB-407 


Teo.hnical  Training 


Aircraft  Environmental  Systems  Mechanic 


LIQUID  REFRIGERANT  SYSTEM  MAINTENANCE 


18  April  .1983 


ClIANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chat  ite  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE. 


DO  NOT  USE  ON  THE  JOB.  RGL:  N/A 


ATC  roHM  214  (JAN  7.)        OMOLfTCS  ATC  fORMt  214.  MAY  W.  S22.  NOV  69  AND  S2I.  MAY  71.  STANOARO  COVeHSHCCT 

1505 


Environmental  Pneudraulics  Branch 
Chanute  AFB,  Illinois 


C3ABR42331-UTJ-^«07 


LIQUID  REFRIGERANT  SYSTEM  MAINTENANCE 


OBJECTIVES 

Using  a  refrigeration  trainer,  inspection  workcard  and  workbook, 
inspect  a  liquid  cycle  refrigeration  system.    Locate  and  record  a  minim jm 
of  two  discrepancies  on  AFTO  Forms  349 ♦    A  maximum  of  one  instructor 
assist  is  allowed.    Apply  safety  precautions  without  error. 

Using  a  refrigeration  trainer,  manifold  gage,  workbook  and  safety 

equipment »  perform  an  operational  c''\ick  of  a  liquid  cycle  refrigeration, 

svstem.    A  maximum  of  two  instructor  assists  are  allowed.    Apply  safety 
precautions  without  error. 

Given  a  liquid  cycle,  refrigeration  schematic  and  malfunctions, 
correctly  identify  four  out  of  five  causes. 

EQUIPMENT 

Inspection  workcard 
0-Mi  Code  Manual 
AFTO  Form  3A9 
Manifold  Cci^.e  Assembly 
Trainer,  Liquid  Refrip,erant 
Cye  f^rotection 

IirrKOLUCTION 

This  workbook  deals  with  inspecting,  operating  and  performing  a 
hand  temperature  check  of  a  refrigeration  system  ?t  strategic  points, 
"hrouj^hout  the  procedures,  you  will  be  required  to  huv*=*  nhe  instructor 
clie.*k  your  work  and  initial  the  workbook. 


!  tipersfides  C3ABKA2331-WB--'i07,  A  November  1982. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 
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SAFETY 


UTienever  you  are  working  on  a  refrigeration  system,  you  must  follow 
all  safety  rules*    Never  store  liquid  refrigerant  cylinders  in  an  area 
that  will  exceed  125**F,  and  always  insure  that  the  roon  the  cylinders 
are  in  or  used  in  has  adequate  ventilation.    Never  expose  refrigerant 
to  an  open  flame,  because  it  will  result  in  the  making  of  a  poisonous 
gas.    Refrigeration  systems  are  under  high  pressure,  so  make  sure  the 
system  does  not  have  pressure  on  it  before  starting  any  maintenance. 
\^en  operational  checking  or  performing  maintenance  on  a  refrigeration 
system,  make  sure  you  put  on  eye  protection  (either  goggles  or  a  face 
shield;,  because  refrigerant  is  very  cold  and  will  freeze  ^ny  part  of 
your  body  it  comes  into  contact  with. 

INSPECTION 

Locate  the  components  that  are  on  your  inspection  workcard  and 
write  up  a  minimum  of  two  discrepancies  on  AFTO  Forms  3A9. 

OPERATION 

Before  we  can  go  into  the  operation  procedures  for  the  liquid 
refrigeration  trainer,  we  need  to  go  over  the  operation  of  the  manifold 
gages  so  you  can  understand  their  use. 

The  manifold  gauge  set,  that  you  have  for  the  operation  of  this 
refrigeration  unit,  is  important  for  proper  troubleshooting  and  to  tell 
you  if  you  have  proper  operating  pressures.    The  manifold  assembly 
consists  of  two  gages  -  a  red  high  pressure  and  a  blue  low  pressure 
(locate  the  gages  on  the  trainer) .    The  high  pressure  gage  will  tell  you 
the  high  side  system  pressure  by  reading  the  outer  black  scale  from  1  to 
r^OO  psi.    The  low  pressure  gage  will  tell  you  the  pressure  on  the  low 
•  ide  of  the  system  by  reading  the  black  scale  from  0  :.o  250  psi.  Also 
on  this  ^>age  assembly  are  three  service  hoses.    The  red  hose  is  hooked 
up  to  tho  compressor  discharge  valve  and  the  blue  hose  is  hooked  up  to 
the  compressor  suction  service  valve.    The  yellow  hose  is  used  when  you 
Wdr.t  ro  drain  the  system  pressure  to  do  maintenance.    It  is  also  used 
when  tiie  s*/stein  needs  to  be  evacuated  or  serviced. 

Kow  look  carefully  at  the  faces  of  your  manifold  gage  assembly.  You 
vill  *^ee  three  ved  scales  on  each  gage.    Each  scale  is  used  for  the  type 
of  ref ri5.».erar.t  you  are  using,  for  instance,  R-502,  R-12,  R-22.    When  the 
svstetii  Js  running,  and  you  have  a  pressure  reading  of  ?.5  psi  on  the  low 
prcfssure  j'/ige  (blue;,  you  can  see  the  temperature  at  that  pressure  is 

.    The  high  prebsure  gage  will  also  tell  you  the  temperature  at  the 
torr(;spondin«  pressure.    If  you  have  125  psi,  the  temperature  is  105^F. 
When  you  start  on  the  operation  of  this  trainer,  you  will  see  how  the  gage 
.isserjbJ  V  works . 
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As  you  complete  each  step,  place  your  initials  in  the  space  pt.-  ided, 
next  to  the  number  of  each  step. 


1.    Locate  on  the  trainer  and  place  a  <:heck  in  the  blank  below  for 
all  components  that  are  in  thf.  high  pressure  side  of  the  syster. 

  Evaporator    Compressor    Condenser 


Drier    Suction  Service  Valve 


Compressor  Discharge  Valve    Expansion  Valve  Inlet 

Expansion  Valve  Outlet 
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la-  Locate  on  the  trainer  and  place  a  check  in  the  blank  below  for 
all  components  that  are  in  the  low  pressure  side  of  the  system. 

  Evaporator    Compressor    Condenser 


Drier    Suction  Servic-  Valve 


Compressor  Discharge  Valve  Expansion  Valve  Inlet 


Expansion  Valve  Outlet 
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2,  Locate  the  trainer  power  switch  in  the  upper  right  hand  corner  of 
the  trainer.     (OFF  position) 

3,  Locate  the  trainer  power  cord  on  the  back  oi  tl,a  trainer  and 
connect  the  cord  to  the  110/115  VAC  wall  cutlet.    The  trainer 
power  light  should  come  on. 

Place  the  trainer  power  switch  to  the  ON  position  and  watch  the 
sl^ht  glass.    Liquid  Refrigerant  (R-12)  will  rise  in  the  sight 
glass.    Notice  the  green  dot  in  the  glass;  this  is  a  moisture 
indicator  to  let  you  know  if  the  system  has  moisture  in  it. 
ITie  p,reem  dot  will  turn  yellow  when  there  is  moisture  present. 

Note:    Moisture  in  refrigerant  systems  will  cause  system  malfunction. 
Moisture  forms  ice  in  the  low  presure  side  of  the  system  and  could 
block  flow  to  the  evaporator  by  freezing  up  the  expansion  valve. 
This  would  be  noticed  by  reading  the  pressure  on  the  low  pressure 
^NigG.    The  pressure  would  show  a  steady  decrease  in  system  pressure. 

^a.  The  temperature  inside  the  cabinet  is  ^F. 
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5.    Operate  system  for  ten  minutes  and  observe  the  low  piassurt 
and  high  pressure  gages.    The  high  pressure  gage  will  tell 
you  what  the  system  pressure  on  the  high  side  (coming  out  of 
the  compressor  discharge  valve)  is.    Remember,  the  compressor 
increases  the  pressure  and  temperature.    What  is  the  pressure 

on  the  high  pressure  gage?    psi.     The  temperature  is 

 °F. 
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6.    Now  read  the  low  pressure  gage  that  is  hooked  up  to  the  suction 
service  valve.    This  gage  tells  you  the  pressure  in  the  low 
pressure  side  of  the  system  that  is  being  sucked  into  the 

compressor.    What  is  the  pressure?   .    What  is  the 

temperature?   . 
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Note:    You  are  now  going  to  perform  a  hand  temperature  check  by 
feeling  the  system  components  and  tubing.    You  can  tell  a  lot 
just  by  feeling  the  lines  on  any  refrigeration  system,  if  it 
is  operating  properly  or  not. 

7.  Put  your  hand  around  the  compressor  discharge  valve  and  notice 
the  temperature.     It  should  be  hot.    If  you  look  at  the  high 
pressure  gage,  you  can  find  the  temperature  by  reading  the 
red  inner  scale.    The  system  works  with  R-12,  so  read  the 
middle  scale  and  the  corresponding  pressure  will  tell  you  the 
temperature. 

8.  The  first  stage  in  cooling  the  R-12,  takes  place  in  the  condenser. 
You  cannot  feel  the  condenser,  however,  y^n  can  do  a  visual  check. 
The  hot  gas,  which  is  high  pressure,  is  coole-i  by  conduction. 
(Remember  that  heat  travels  from  a  warm  substance  to  a  cold 
substance.)    This  changes  the  gas  to  a  high  pressure  liquid. 

9.  Now  feel  the  black  receiver  and  notice  the  temperature.  It 
Should  be  warm  to  the  touch.  The  receiver  stores  and  keeps 
liquid  R-12  under  high  pressure. 

10,  :iow  feel  the  line  going  to  the  dehydrator  or  drier.    It  should 
be  warm  also.    If  you  were  to  feel  a  cold  spot  in  this  line, 
that  would  indicate  that  there  is  a  restriction,  causing  a 
pressure  drop. 

11.  Put  your  hand  around  the  drier  (dehydrator).     It  should  be  warm 
to  thft  touch.    If  you  found  it  to  be  cool,  that  is  a  sign  that 
the  filter  has  absorbed  too  much  moisture  and  contamination  and 
is  causing  a  pressure  drop  on  the  outlet  side  of  the  drier.  This 
reduces  the  cooling  effect  where  it  is  needed. 
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12.    Look  into  the  sight  glass.     If  you  see  bubbles  or  a  low  lev^l 
of  fluid,  that  is  letting  you  know  that  you  are  low  on  R-il, 
which  would  cause  the  system  not  to  operate  properly.  Chack 

the  green  dot  also.    Is  the  sight  glass  (1)  clear?   

(2)  half  full?   ;     (3)  full?   ;  (4)  bubbles?   

(5)  empty?   . 

Is  the  dot  green?   ;  yellow?   . 
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13.    Now  check  the  expansion  valve.    Feel  the  inlet  line.    Is  is 

very  warm?    Yes    No        .    It  should  be  warm.    N'ow  feel 

the  outlet  line  going  to  the  Evaporator.    Is  it  very  cold? 
The  expansion  valve  meters  the  flow  of  R-12  into  the  evaporator. 
The  pressure  at  the  inlet  is  high  with  warm  temperature,  the 
outlet  is  cold  with  low  pressure. 

Note.     The  tubing  that  you  see  coming  out  of .  the  valve  is  a  sensing 
device  to  control  the  right  amount  of  liquid  to  the  evaporator. 
It  is  attached  to  the  outlet  of  the  evaporator,  it  is  called  a 
thermal  bulb,  and  senses  temperature.     If  the  temperature  is  too 
cold,  it  will  tell  the  expansion  valve  to  close.    If  the  temperature 
xtcts  too  hot,  it  will  tell  the  expansion  valve  to  open. 

lA.    The  e^^aporator  is  where  cooling  the  ambient  air  takes  place.  It 
also  changes  the  R-12  from  a  low  pressure  liquid  to  a  low  pressure 
?as.     (Remember  that  heat  movcc>  from  a  warmer  substance  to  a 
colder  one . )    The  R— 12  is  absorbing  heat ,  which  will  cause  the 
R-12  to  change  to  a  gas.    What  is  the  temperature  of  the  outlet 
of  the  evaporator?   *F. 
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13.    Viou  put  your  hand  around  the  suction  line  leav  ng  the  evaporator, 

f'oing  to  the  suction  service  valve.    Is  it  cold?   or  is  it 

i»ot.?  .    In  this  line  there  is  low  pressure  p^as  going  tp 

the  compressor  and  its  temperature  is  cold. 

16.     Pead  Lhe  pressure  and  temperature  of  the  low  pressure  gas  on  the 
compound  pnge  (blue)  and  record  it.   psi    temperature 

16a.  i^ecord  the  temperature  in  the  cabinet   **F. 
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17.     Mow  vou  are  back  at  the  compressor.    Put  your  hand  on  top  of  the 
f(>mpre«;9or.    Do  you  feel  the  two  different  temperatures?  (cold 
on  (he  let  I  and  hot  on  the  right).    If  there  was  not  a  difference 
betweon  the  two,  that  is  a  sign  that  there  is  a  problem  with  the 
vu^nipressor ,  which  would  affect  the  whole  operation  of  the  system. 

17a.  Turn  off  trainer  power  switch.    Unplug  the  trainer  from  the 
out] ?t  on  the  wall. 


j;j/.JlAVr  \  ".'..'J 
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On  this  page  is  a  schematic  of  a  basic  liquid  cycle  refrigeration 
system*    Read  each  procedure  and  comply  with  it  before  goiug  uo  tue 
next  step. 

1.      Color  code  the  key  that  is  provided  on  the  schematic,  with 
four  different  colors. 

'.^      Name  the  system  components  in  the  blanks  provided  below. 

3.  Place  a  checkmark  in  the  correct  space  next  to  the  name  of 
each  component  to  show  whether  the  component  is  in  the  high 
pressure  (H/P)  side  or  the  low  pressure  (L/P)  side. 

4.  Using  the  color  code  key  that  you  made,  color  in  the  diagram 
to  show  the  changes  in  state  and  temperature  that  occurs  in 
Che  system. 

Using  arrows,  show  the  direction  of  flow  through  the  system. 


5. 
6. 


Have  your  instructor  check  your  work. 
    Instructor's  Jr'^tials 
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3) 


KEY 

HIGH  PRESSURE  LIQUID 
HIGH  PRESSURE  GAS 


r~n  LOW  PRESSURE  UQUlO 
LOW  PRESSURE  GAS 

-  -^DIRECTION  OF  REFRIG. 
ERANT  FLOW 


COMPONKNT  N/iME 
1, 

0 


H/P 


L/P 


COMPONENT  NAME 

6.  

7.  

8.  

9.  

10. 


H/P 


L/P 
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OBJECTIVE 


Identify  facts  relating  to  the  USAF  Graduate  Evaluation  ProRram. 
A  minimum  of  4  out  of  5  must  be  correct. 


INSTRUCTIONS 


Read  each  frame  carefully.    You  will  have  a  five  question  test 
to  answer  when  you  have  finished  reading  this  programmed  text. 


INTRODUCTION 

As  a  student  In  a  formal  training  course.  It  Is  easy  to  think 
that  the  school  you  are  in  has  not  changed  since  it  began.    That  Is 
far  from  being  true!    All  Air  Force  formal  training  courses  change 
as  a  result  of  (1)  changes  in  equipment,  procedures,  or  needs  of  the 
Air  Force;  (2)  occupational  surveys  and  (3)  the  Graduate  Evaluation 
Prof^ram. 

This  programmed  t€;xt  will  explain  the  USAF  Graduate  Evaluation 
program.    This  program  sets  up  a  system  for  evaluating  graduates  of 
formal  courses  (such  as  this  one)  and  graduates  of  Career  Development 
Courses  (CDCs). 


Supersedes  C3ABR42331-PT-408,  7  December  1982. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 
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USAl*^  CRADUATE  EVALUATION  PROGRAM 


Introduction 


AFR  50-38  sets  up  a  way  to  evaluate  graduates  of  formal  courses 
(such  as  the  one  you  are  in  now),  graduates  of  career  development 
courses  (CDC)  and  computer  directed  training  system  (CDTS)  courses. 


Field  evaluations  are  the  main  source  of  information  used  in  the 
quality  control  of  formal  resident  courses,  non-resident  courses  and 
CDCs. 

Ttirough  this  information,  we  are  able  to  judge  the 

a.  ability  of  recent  graduates  to  do  their  assigned  job  tasks 
at  the  level  of  proficiency  shown  in  the  applicable  training 
standard. 

b.  extent  to  which  learned  skills  are  used  by  recent  graduates* 

c.  extent  to  which  graduates  keep  the  knowledge  and  skills  they 
have  learned, 

d*      need  to  change  training  standards,  formal  courses  and  CDC 
courses  to  improve  training. 

e.      need  for  further  evaluation  of  the  education  and  training 
problem  areas  identified  by  field  evaluations. 


Those  activities  that  operate  formal  courses,  as  shown  in  AFM  50-j 
USAF  Formal  Schools  Catalog,  and/or  prepare  CDCs  will  look  at  and  use 
the  facts  they  get  through  field  evaluations.    These  facts  determine  how 
good  their  course  is  and  aid  in  making  changes  when  and  where  there  is 
a  need  for  a  change. 


There  are  four  ways  to  do  field  evaluations.    Any  and  all  of  these 
ways  may  be  used.    The  four  ways  are: 

1.  Field  Evaluation  Visits 

2.  Direct  Correspondence  Questionnaires 

3.  Evaluation  of  CDCs 

4.  Job  Performance  Evaluations 

We  will  now  look  at  each  of  these  four  ways. 


Frame  1 


Frame  2 


Frame  3 


3 


Frame  4 

Field  Evaluations  Visits  are  done  by  the  training  activities.  The 
personnel  from  the  training  activities  will  go  out  to  the  field  to  do 
these  evaluations.    They  are  concerned  with  people  who  have  graduated 
in  four  to  six  months  prior  to  their  visit.    Evaluation  data  is  obtained 
through  talks  with  the  graduate,  the  iiranediate  supervisor  and  others 
that  know  how  well  the  graduate  can  do  the  job.    The  applicable  training 
standard  is  used  as  the  reference  to  judge  how  often  and  how  well  the 
graduate  does  the  tasks  for  which  he  or  she  was  trained. 

Frame  5 

Direct  correspondence  questionnaires  are  the  most  commonly  used 
means  of  field  evaluation.    The  questions  that  are  asked  in  this  survey 
have  to  do  with  the  graduates  qualifications  in  terms  of ' the  skills  and 
proficiency  levels  shown  in  the  training  standard.    These  questionnaires 


are 


a,  sent  to  recent  graduates  and  their  supervisors. 

b,  mailed  by  the  training  activities  to  units  that  receive 
graduates  V6  month**  after  graduation. 

Frame  6 

When  there  are  enough  responses  to  the  questionnaire,  a  Training 
Evaluation  Report  is  made  by  the  Evaluation  Division  of  the  technical 
training  center  concerned.    This  report  is  an  in-depth  study  of  the 
information  received  from  the  supervisors  for  suggested  improvements. 
All  of  this  information  is  used  by  the  evaluators  to  help  them  make 
valid  reports.    The  results  of  their  reports  are  immediately  responded 
to  by  course  personnel,  resulting  in  the  change (s)  necessary  to  adapt 
that  training  to  the  total  AF  needs. 

Unfortunately,  it  is  not  cost  effective  to  train  all  students  to  do 
all  job  tasks  they  will  meet  in  all  job  assignments.    School  training 
time  must  be  slanted  toward  satisfying  the  common  needs.  Air  Force  wide. 
Those  additional  job  performance  needs,  that  are  peculiar  to  an 
individual's  job  assignment,  must  be  acquired  through  on-the-job  training 
(OJT) , 

Frame  7 

The  third  method  is  Evaluation  of  CDCs.    The  Extension  Course 
Institute  (ECI)  will  incite  specific  questions  in  the  last  CDC  volume 
review  exercise  booklet  to  ask  student  opinion  about  the  effectiveness 
of  the  CDC. 

ECI  will  gather  evaluation  data  from  the  replies  to  the  questionnaires, 
summarize  the  data,  and  provide  this  information  :o  the  training  activity 
responsible  for  preparing  the  CDC.    If  the  evaluation  data  indicates 
problems  with  the  CDC  content,  the  responsible  training  activity  will 
conduct  a  followup  evaluation  to  determine  corrective  actions.    AF  Form 
128A  (explained  later  in  this  PT)  will  be  used  to  report  CDC  deficiencies. 
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Frame  8 


Job  Performance  Evaluations  may  be  conducted  If  the  required  training 
evaluation  cannot  be  obtained  by  less  costly  methods.    Job  Performance 
Evaluations  are  exactly  that.    The  training  agency  will  evaluate  actual 
job  performance  by  graduates  to  see  if  the  graduates  meet  or  exceed 
applicable  training  standards. 

Frame  9 

There  is  one  main  form  used  in  the  USAF  Graduate  Evaluation  Program. 
This  form  is  an  AF  Form  1284,  Training  Quality  Report.     (See  figure  1.) 
The  AF  Form  1284  is  used  to  give  feedback  to  ATC  and  other  commands  and 
organizations  uhat  conduct  education  and  training  courses.    It  is  used  to 
document  the  quality  of  recruit  training;  specialized  skill  training 
(including  resident  courses),  field  training  detachment  courses,  mobile 
training  team  courses  and  CDCs.    The  form  is  also  used  to  give  feedback 
on  graduates  from  non-ATC  schools  which  conduct  specialized  skill  training. 

Instructions  for  preparing  AF  Form  1284  are  on  the  back  of  the  form 
(See  figure  2.) 

This  form  is  for  use  by  supervisors  throughout  all  commands.  The 
immediate  supervisor  must  prepare  this  report  if 

1.  course  graduates  are  undertrained.     (Do  not  meet  specified 
level  for  training.) 

2.  course  graduates  are  overtrained.     (Exceed  level  specified 
for  training.) 

3.  CDC  content  does  not  support  specified  level  of  training. 

4.  within  six  (6)  months  of  Basic  Training,  the  graduate  demonstrates 
severe  deficiencies  in  standards  of  conduct  or  discipline. 

5.  CDC  deficiencies  are  noted. 

See  your  instructor  testing  at  this  time. 


t.  FROM:  ft  tint  Ariifltr  AtldrtSf) 

60th  CG/CCQT 

Travis  AFB,  CA  9/»535 


«.  NAMC  or  CnAOUATC  fl^U.  Fittl.  MUdtt  ItiltMll 

Doe,  John  L. 


TRAINING  QUALITY  REPORT  (TQR) 

(See  instructions  on  Reverse) 


J.  TO:  (Copy  if 


IIQATC/ 

RANDOLPH  AI'B.TX  78148 


i.  SSAN 


».  NUMnCR 


COURSE  (NotrtqulreaforBMT) 

[ti.  TiTue 

Aircraft  Envirpnraental 


tl.  OlfAOUATION  DATE 

June  82 


t.  GItADC 

AMN 


».  TO:  (Copf  H  l^WCOM/OPAT AdJteaf 

HQ  AFCC/MPXT 
Randolph  AFB,  TX 


}.  UNITor  ASSICNMCNT 

60th  FMS/MMB 


Travis  AFB,  CA 


It.  NUMOCR 


SPECIALTY  OR  COURSE  TRAINING  STANDARD  (STS/CTS) 


Xircraf  t  Fnvironmental 
Systems  Mechanic  


14.  OATC 

Jan  82 


rr fivtilc  tlir  tcquHrd  Infottnatlon  Mow  when  (he  giiduitc  ainnol  rncc!  the  fpccially/couw  training  standard  proficiency  level?  spccined  for  Ihc  cour»:.  In  Bloik  M  klcnliry  the  apni opriaie  job 
.irnt.  I  r    Xitaaft  General.  Flee  Kystcm,  Medical  Tcchnlquca.  etc.  In  Block  15,  match  the  Job  areas  with  specific  task  and/or  knowledge  Items  In  the  STS/("I  S.  In  Ulock  1 6  "Remark r  explain 
Ihr  in3d?qit:«cy  in  Menilfying  the  spedfic  equipment  or  procedures  Involved.  Uie  examples  If  possible. 


t««        STS  RCrCflKNCC 

11.                                                                             "     "  ~  

JOB  AftCA 
A 

IT8M 
NO. 
• 

PftOriCIKNCV 
COOK' 

c 

IfCMARKS 
D 

Cryotainer  Maintenaoice 

Zka. 

B 

t 

Amn  Doe  was  unfamiliar  with  the  operation  of  the 
liquid  oxygen  cryotainert  required  extensive  OJT 
to  meet  the  ••B**  standard. 

Liquid  Refrigeration  Systems  And 
Components 

2b 

Individual  could  not  operate  the  basic  refriger- 
ation system  on  the  comfort  pallet;  totally  un- 
familiar with  procedures.    Amn  Doe  stated  he  did 
not  remember  covering  the  subject  matter  during 
tech  school. 

Life  Raft  Inflation  Equipment 

22f (2) 

2b 

• 

♦  • 

Individual  was  totally  unfamiliar  with  the  safety 
precautions  relative  to  servicing  inflation  cyl- 
inders; Amn  Doe  stated  he  did  not  remember  cov«* 
ering  the  subject  matter  during  tech  school. 

3  July  82 
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GRADE*  HA»«C  AND  SIONATUfffK  Or  SUPCflVISOfff 

SSgt  Joha  A.  Smith ^ 


1284 

1517 


PflK  VIOUS  KOITOH  IS  OSSOUCTK* 


Figure  1. 


tikSrCUPy  AVAILABir 


10.  AUTO  VON  HO. 
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1.  Genera). 

1.  U$c  this  fonn  to  provide  fcedbick  on  the  quality  of: 


INSTRUCTIONS 


( 1 )  Speciatized  Skill  Training 

(2)  Field  Training 

(3)  Phaae  11  Medical  Tnining 


(4)  Career  Development  Coiines  (CDCs) 

(5)  Recruit  Training  (BMT) 

(6)  Computer  Directrtl  Training  Syttcni  (CD  FS)  Course* 
cha^inSS'cSw  a'f^^            recommend  a  change  to  the  current  STS/CTS.  Proc«»  training  «andard  changes  through  ccn.,.ana 

d  J.iJIi^'ri "  T^^"""'^  ^""^  "^^^  undergraduate  flying  training,  survival  courm,  flying  training  programs,  and  proftulonal 
aavelopmtnt  education  couriei.  ••f  • 

d.  Prepare  this  form  when: 

ecu  J'i.a!L^T.?Jid  '°    """^ '"^  -  ^^'^•^'>- « 

dUcipSl.  ^  °'  ccmpleting  Recruit  Tnlnini.  tnduate  demonMratet  severe  deflcienciei  in  itandtrds  of  conduct  or 

(4)    CDC  content  does  not  lupport  lubject/ttikknowledie  leveU  in  STS. 
2.  Specific  instructions  related  to  numbered  blocks  on  front  dde  of  form, 
a.  Block  I.  Self-explanatory. 

tJiy^ZlL^J^nilVn'^rr'!^^^^  *°      ATC/TTSE.  For  ATC  undergraduate  flying  training  course,  and 

•urvjval  courses  send  to  HQ  ATC/DOVA.  For  non-ATC  courses,  substitute  the  addt«ss  of  the  school  which  conducted  the  training. 

c.  Blocks  3-5.  Self-fixplanatory. 

d.  Blocks  7-8.  Identify  student's  unit  and  base  of  assignment. 

e;  Blocks  9-1 1 .  Identify  number  and  title  of  course'atudent  attended  in  addiUon  to  graduaUon  date, 
f.  Blocks  12-14.  Identify  the  number,  title  and  date  of  the  training  standard/course  control  document  you  are  using. 

Pub*icJ?ot  «ble  ^  ""^'^  ^  ^"^"^  «""Pl«=  contingency  respondbilitin.  air  traffic  control 

puoiica'ions,  cable  splicing,  common  automatic  test  equipment,  etc.  .  ^  '  _ 

spcdf^'SSnta^  .uStr*  1?  '^."'^'H''^*  "  knofdtdv,  on  current  STS/CTS  or  other  course  control  document.  Identify 
specific  trauiing  standard  item.  Also,  mclude  proficiency  code  for  the  Hying  syllabi/STS/CTS  items  you  cite. 

i.  Block  17.  Briefly  explain  deficiency. 

♦r^inin^i  sranS"      wSm1'.?h  (^^^^"'^  ''""^'"^         '"^ "^'^  °«  P'8«  ^  of  aU 

.mnms  standards.  (To  what  level  did  the  traming  organization  agree  to  train  on  this  tuk?) 

organilalion?re?!o'^'r?„''S?f^^^^^  *°  representing  the  level  to  which  the  training 

organization  agreed  to  train.  (Did  the  trauiing  organiiation  notify  you  of  a  training  deficieno'  reUted  to  the  task  in  question?) 

perfomL^,robreitt  7^*?  °^  ^  *°  expecUtions  of  the  graduate's 

performance  i,  as  objective  as  possiole.  Be  sure  you  are  evaluating  the  graduate's  job  performance  and  not  the  graduate 

ir^'^XllZnZtlT^^^^^^^        """""^'"^  ^'"'^'y  S-^«'y°-  monitor,  or  aviiabie  field 

j.  Block  ! 8.  Identify  the  form  prepiration  date. 

fori.-  can°S, If^m^Jli^ir^r^^Z''''  "  " °' 


S  Aut"orj„'2"2t?^^^^      recommendations  pertaining  to  this  form  and  its  use  to 


HQ  USAF/.MPPTS,  WASHINGTON  DC 
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BESl  m  AVAILABLE 


